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: PVC DUST _
¥ You may care to see the attached letter and NIOSH report I have received
o {rom Dr Douglas of BMAS. This report seems reassuring but I would welcome
. the opinioa of our Medical Committee who have been considering how to
nay design a good PVC dust inhalation study. Has the need for such a study
disappeared as a result of the NIOSE work? Dr M N Johnson of B F Goodrich,
vhen he sav us oa 9 October, knev of these results but was critieal that
the rodent species vere sacrificed at 12 sonths (monkeys 22 months).
Dr Johosos thought that a well conducted full life study on FVC dust in.
halation should still be considered and the possibility of Transatlantic
3 cooperation explored to derive both protocol and funding.
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Health &  8umordstous

: London W2 4TF
Safety Tetephone 01.229 3456

Executive

Dr J Stafford
Division Manager Your refersnce
Health & Environment Protectiom

ICT Limited, Plastics Division Our raferance
P O Box No 6 1/M8/406/225/18
Besgemer Road Date

Welwyn Garden City ALT 1HD 6 October 1978

Dear Dr %ﬂjz‘d

PVC DUST

Thank you for sending me a copy of Warxweiler's report on
FVC dust and the item from Tox-Tips. Both will be
discussed at the next tri-partite medical meeting which
should take place in late November, Dr Blliott Harris
the head of the Division of Bio.Medical and Behavioural
Science, NIOSH, was here on Tuesday 3 October and told
me that the study by Dr Trent Lewis had been completed
and no evidence of carcinogenicity or pneumoconiosis had

been found in any of the animal species, I enclose copies

of the reports given to me by Dr Harris.

Yours sincerely

D B Douglas
Deputy Director of Medical Services

cc: Ir R Cwern .
Dr P:S Fairweather
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PVC Chronic Inhalation Toxicology Study

L
-

R ‘
P lyvinyl chloride (PVC) 1- widely used {in verious forms. Rigid

'rvc is used for tubing and fitctings (insulation material and drainage

pipe), foils, filas and sheeting (packaging, recording tapes), profiles
(blinds, wiodow frames), tiles, sound records, and fibers. Flaxible
PVC is used for cablaes, foils (decoration, roof covering), tubiog,
artificial leather, flooring, foam rubber, paiat, varnish (lacquer),
and toys. "

Reports  of pulaonary dysfunction and pnaumoconiosis in PVC workers
and dust exposed animals point to the need for further studies on the
toxicological properties of the polymer. Also, cases of still-births,
miscarriages and malformations among workers engsged in tha polyweriza-
tion of vinyl chloride have sroused great interest in the toxicological
properties of PVC. Since PVC is a fine volatils dust, pathogenic
effectas of cthe lungs aay be anticipated.

B. P. Goodrich Company 1s .a supplier of resins for vinyl dispersions
using the trade nams "Ceon." The dispersions are fluid suspensions of
special fine particle~size polyvinyl chloride resins in plasticizing
1iquids. When the system is heated to about 148 to 177°C (300 to 350°P),
fusion (mutusml solubilization of resin and plasticizer) takes place.

The dispersion turns into a homogensous hot melt. When the melt is
cooled below 30 to 60°C (122 to 140°F), it becomes a tough vinyl product,

The tern "plastisol" is used to describe a vinyl dispersion which
contains no volatile thinners or diluents. Plastisols often contain
stabilizers, fillers, and pigments along with tha essentials, dispersion
resin and liquid plasticiser, but all Ln;:-dtcnt- have very low volatility
undar the procsssing and use condicioms.

Geon 121 1s a high nolccular vctgh: rcsin. It has been thc standard
of the plastisol industry for over 25 ycars and is an excellent resin for
starting point formulations. Currently, it is being used in dip, slush
snd rotational molding, spread coating, foam coating and molding, crowm
snd jar seals, and caulks and sealants.

In light of the relationship unequivocally established betveen
occupational exposure to vinyl chloride monomer and liver angiosarcoms,
and the concern expressed on potential risks to human health from exposurs
to polyvinyl chloride (PVC) dusts manufactured and used from polymerization
of the vinyl chloride monomar, DBBS in FY'75 in its project plan on
"Chronic Exploratory Toxicology Studies and Test of Validicy of Industrial
Air Standards" proposed an inhalation exposure study with PVC dust. Actual
exposures to & representative matarial (B. F. Goodrich Company, Geon 121)
began in February 1976 utilizing thres species of animals -~ moukey, guinca
pig and rate—- 1’6-6-112 hours per day, 5 days per week exposurc regimen,
and at a 10 wg/m’ respirable PVC dust concentration. Exposure duration
vas for 22 months. The following table suzmarizes the above data.
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Selected Data from PVC Chronic Inhalation Exposutre Study (Geon 121)

- B ‘ ' *
Duration of Exposure Mean PVC Mean Range *CT !aluu
Bo. per Group Conc. of Cong. (ng/m -Hrs.)

—Intended _Actusl

Anical Calendar Exposure Exposure s »
Soecies Exposed ‘Control Days Days Hrs. ng/m ____mp/m.
Honkey 10 10 690 464 2018 10.8 6.65-9.25
Cuinea Pig 40 40 . 379 245 1428 10.6 -
Rat 80 80 376 244 1424 » 10.6 T -

28,180 - 30,510 ;"
. &b

14,700 14,698 5"
Y

14,660 16,627 %"
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Particle size analysis f collected exposure chamber samples indicated
that the generated PVC dust vas of a geometric mean dismeter of 0.53um
vith more than 99% of the sampled particles below 5.0um; 82Z below
1.0ua. The manufacturer’'s specifications data states a mticlc size
range for Geon 121 of betweea 0.5 and 1.5um.
sure System: Chambers used in the study were un faat square,

stainless steel, and featured a dynamic airflow system of 40 cubic feet
per minute under a negative chamber prassure of approximately 0.2" H,0.
The FVC aerosol vas generated by means of a Wright Dust Feed Machanism
and the dust disparsed into the chamber at a rate sufficient to maintein
the desired 10 mg/n® concentration.. Gravimetric analyses were made four
times pear day on collected menbrane filter samples for toctal dust con-
centrations, and once paer day for respirable dust (10~plate horizontal
elutriator sample).

Biological responsa data evaluated from the axposed and control
animals at time of serial sacrifice/evaluation included:

Biochemical/Clinical Chemistry (Guinea Pig, Rat only): (SGOT, SCPT,
alkaline phosphatase, gamma glutamyl transpeptidase, total protein and
serum - protein electrophoresis). No significant differences were indi-
cated in rats for any parameter. Guinea pig data showed comtrols with

.higher SGOT, SCPT, and alkaline phosphatase., 1t wvas concluded that no

extensive liver damage was detected by any of the liver clinical indicator
tests used. However, a sizable amount of liver damage must occur before
these tests would indicate abnormalcy. One cannot conclude that there .

- 48 no liver damage; but only that there is no extensive liver involvement.

Patholou (A1l species): No significant alterations im liver tissue.
The only contribution of the inhaled PVC dyst deposition and retention
to pulmonary tissue morphology was aggregation of PVC-containing macro-
phages (refer to attached pathology reports and to report om Amorphous
Silica exposed and control monkays).

Pulmonary Function (Monkey only): PFasted, exposed and control monkeys
vere tested for pulmonary function one day following their last exposure.
Evaluations were accowplished through use of a variable pressure, whole-
body plethysmograph. Tests evaluated vera: Total lung capacity (TLC);
vical capacity (VC); inspiratory capacity (IC); residusl volume (RV)
divided by total lung capacity (RV/TLC); forced expiratory volume in
0. 5 seconds (FeV 0.5); forced expiratory volume in 1.0 seconds (FeV 1.0);
peak expiratory flow (PF); maximum mid expiratory flow (M/F); maximum
expiratory flow volume curves (MEFV) at 50X, 25% and 10% of vital capacity;
resistince; and coapliance.

A summatry of the extensive pulmonary function evaluations indicated
sone signs of loss of lung recoil pressure, probably a result of the
animals' aging process. In most cases differences were noted during the
second and third testing periods (axposure months 6 and 14) and were {ndi-
cative of some small airvay obstruction. At this cime, hovever, these
differences were not statistically signiffcant. At the last evaluation
(oonth 22) compared with baseline (prec-exposure) data there were no signi-
ficant differences for any parameter tested. Impairment of respiratory
function does not appear to be indicated under the conditions of this
study from exposurs to respirable PVC dust.

Attachments

e
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Chief, BSB DATR: May 3, 1977

THROUG: Chief, Pathology Section __ L3
w2 3

Veterinary Pathologist, Pathology Section

Pathalogy Report on Rats Exposcd to PVC
i .

Male rats were exposed by inhalation to polyvinyl chloride (pvC),
respirable concentration 10 mg/m , for 6 hours/day for 5 days/week
for a period of 12 months. The aninals were sacrificed immediately
after 12 months of exposure to PVC. The following tissues on each
animal vere saved at necropsy for histopathology evaluation: 1lungs,
liver, heart, spleen, kidney, pancress, adrenal, thyroid, testis,
and urinary bladder. The histopathology evaluation was performad
on a total of 121 (exposed 57, control 64) male rats.

1.1 Racts exposed to PVC 10 mg/m’ for 6 hours/day for 5 days/weck

by inhalation.
Path. Accs. No.: 76-1329, 76-1337, 76-1338, 76-1340 to -1393.
Gross patholopy:
Lungss’ Multiple white focf of varying size cithaer in ona
or mors lobes of the lungs vera seea in 76~1337,
=1338, -1344, ~1345, -1347, -1348, -1350, -1353,
-1354, ~1363, -1367, -1369, -1373, -1379, -1385,
and -1387, ‘'“Abscess" was seen in the lungs of
each of 76-1346, -1351, =1352, -1363, and -1378.
“Tumor" measuring 1.5 x 2.0 cm and veighing 2.90 gm
vas seen in 76-1375.
Liver: Enlarged dark red liver vas seen in 76-1337,
Kidney: Small mineralized areas (stones) vere seen in the
kidneys of 76-1363 and 76-11366.
Pituitary gland: Enlarged (10X) pituitary vas scen in 76-1338.
Histopsthology:
Lungst The lesions commonly associsted with the chronic
murina pneysmonia (bronchiectasis, peribroachial,
and parivascular accumulations of lymphocytes, (ocal
chronic active bronchitis and bronchiolicis, focal
atelectasis) were seen in all ratg. Vaseular
(arterial) wall minerslizacion was scen in all rats.
Focal intense macrophage accumnlations (solid sheets),
somctiner displacing the normal structures, werc scen.
Most of thene macrophages had varying size globular
to spherical scructures in the cytoplazm (foam cc)ls).
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Liver:
Spleen:
y
o] |
u; Heart:
- Kidney:
Pancreas:
;-da'.:
Adrenal:
g

These dense conpglomerations of macrophages were
occosionally associated with mild blue staining
(mucin?) fluid material. The above-mentioned
macrophages or macrophages surrounded by fluid
wvhen accumulated at the periphery of the lung
probably imparted the appearance of "white foci®
grosusly scen in the lungs. The intracellular
materizl in these macrophages was prebably parti-
cles of the I'VC. No birefringence wvas scen among
thesa. Dr. Stettler and Mr. CGeorge Mackay informed

me that these, indecd, were PVC particles, based

on electron probe analysis of zome  lungs from

tha rats exposcd to PVC by inhalation as well as
by intravenous injection. The macrophage accumu-
lations apart from physical displaccment of the
lung parenchyma do not scem to bestow any dele-
terious effects on these rats, No alterations
(hyperplasia, etc.) of the alvcolar or bronchial
epithelium attributable to treatment were seen in
these rats.

Tracheobronchial lymph nodes (TBLN): Macrophage accumulations

as seen in the lungs wvere seen in the medulla and
cortex of all the 1TBLNs examined. Reactive hyper-
plasia of germinal centers was also seen.

Mild fatty infiltration of hepatocytes was seen

in 76=-1338. Extra medullary hematopoiesis (wild)
vas seen in 76-1364 and 76-1371.

Macrophages containing yellow granular material in
the cytoplasa and cxtramedullary hematopoiesis werc
seen in all the splecens examined.

Mild focal myocarditis vas seen in 76-1337, -1363,
and =1377.

Multifocal mineralized sreas of the tubules or the
transitional apithelium of the kiduey palvis were
seen in 76-1348, -1353, -1356, ~1363, and -1366.
Focal tubulsr dilatation, focal tubular epithelial
degeneration and regeneration and mild lymphocyte
accumulations were seen in 76-1351, -1356, -1357,
-1363, =130, -1376, -1381, -1382 to -~1384, -1387,
-1388, -1390 to -1392.

Mild hyparplasia of the islets of Langerhnns vas
seon in 76-1355, -1361, -1363, -1364, -1367, -1368,
=1370 to -1372, -1376, -1377, ~1379 co -1381, ~1385
to ~1389, and -1391 to -~1393.

Modarate fatty infiltration of the cpithelium of
the cortex was seen in 76-1341 to -1344, -1348 to
-1350, -1369, -1370, -1378, and ~1381. An adronal
coxtical adenoma was scen in each of 76-1365 and

76=1371., A phcochromocytoma was secn in 76=1358.

- Ry e
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Thyroid: Cyst(s) containing keratin was scen in 76-1337,
-1338, -1341, ~1342, -1345, -1346, -1353, -1355

- e S AT

= to -1357, -1360, -1361, -1364, -1365, -1370,
-1372, -1374, -1375, ~1379 to ~1382, -1388, -1391
to -1393.
Testin: Vessel (artery) wall mineralfzation was seen in
) 76-1358, -1378, -1385, and -1390. Mild hyperplasia
i of interstitial cells and atrophy of scminiferous
tubules were seen in 76-1347, -1353, -1358, -1361,
4 -1365, ~1370, and -1378.
-y Lymph node: Chronie lymph adenitis was secn in 76-1375. The
‘ lymph nodc was adjacent to a major arcery suggesting
. it to be a mediascinal lymph nodea,
Picuitary: A chromophobe adcnoma was seen in 76-1338,
All the other organs examined were unremarkable,
1.2 Untreated Male Rats .
"Path, Accs, No.: 76-1394 to ~1431, 76-1510 to -1520, 76-1523 to
-1537, 76-1539 to -1548,
_ . Cross pathology: A cataract of the right eyc was seen in 76-1396.
! Consolidation of lung lobes was seen in 76-1395,
4 =-1400, ~1416, -1527, -1530, -1537, -1540, -1546,

“nee ‘ and =1547, Brown discoleration (76-1405) and
. an abscess was seen in the lungs (76-3418). A
: : muletiloculacted mass 2.5 x 3.0 cm was seon attached
. - to mesentery in 76~1427. Renal calculi were
seen in 76-1518.
Ristopatholopy: :
Lungs: The morphological changes associated with the chronie
murine pneumonia and pulmooary vascular wall minerali-
i zation as seen in 1.} were scen in all rats. Macro-
¥ phage accumulacions of far lesscr degrec in intensicy
w7 ware scen in all ra:s. Thesa macrophages did not
- congregate in s solid ghcet as scen in 1.1, The eyto-
" plasm of most of these macrophages contalned granular
eosinophilic material. No alveolar or bronchial
apithelial hyperplasia was seen in any rat, )

TBLN: Cironic renctive hyperplasia was a common finding in
) all racs.
Liver: A single cyst vas seen in each of 76-1397 and 76-1399.
Splaon: The changes scean wero similar to those seen in 1.1
in all racs.

Heart: Mild focal myocarditis wns scen in cach of 76-1401,
«1402, -1405, ~1407, and -1415,

Pancreas: Mild hyperplasis of endocrine elcments was scen in
76~1395 to ~11399, -1402, ~1404 to -1410, -1414 to
-1418, =1420, ~1421, -1424 to -1426, -1428, -1429,
~1510, -1511, -1514, -1515, ~-1518 to -1523, -1532,
=1539 to -1542, and -1545.
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Kidnay: Tubular epithaeli{al degencration and regeneration,
oceasional tubular dilatati n and focal mild lympho~
cytic accumulation were scen in 76-1394, ~1396, -1397,
-1399, -1401 to ~1403, -1405, -1409, =1412, =1417 to
-1419, -1421, -1422, -1425, ~1431, =1515, ~1524, -1527,
~1534, -15406, and -1548., Foecal mineralization of
tubuloy eplthelium and/or the transitional epithelium
of tgc renal pelvis was scon in 76-1518, -1527, and
-153

Adrenal: Adenvma of tha adrenal cortex was notic.d in 76~2400,
=1518, -1523, and -1544. Theochromocytoms was secn
in 76-1548, Moderace facty infilctration of the cortex
was seen in 76-1410 and 76-1544,

Thyroid: (Cyst(s) containing keratin was seen in 76-1395, -1397,

-1399, -1402, -1403, -1406, -1410 to -1412, -1416,
-1417, -1419, -1320, -1422, -1423, -1425 to -1427,
=1429, -1510, -1512 cto -1515, -1517, =-1519 to -1527,
-~1529, -1530, -1532 to -1534, -1536, -1541, -1543 to
~1548. ) .

Testis: Atxophy of seminiforous tubules and Leydig call hyper~
plasia was seen in 76-1395, -1400, -1514, -1516, -1533,
-1541, and -1548. Vessel (artery) wall caleification
vas seen in 76-1398 and 76-1533., Focal modarate
mincralizacion of ascminiferous tibules wvas seen in
76-1418, -1510, .und -1517.

Eye: 76=1396: Retinal atrophy - unilateral, Adhesions
between the ratina and lens with dystrophic calctfi-
cation at some foci. The lens protein was well oricnted
vith occusional basophilic bodiecs, probably nuclei from
decidual lens c¢clls. The caleific deposits coupled with
the hyalinizaction of sclara imparced the opacity to the
lens; cataract yecn grossly.

Mans: 76-1427: Granulon: of megentoric fat.

L]

Comment: For comparison, this commant shall faclude rat and guinea pig

data.

Both the rats and tha guinca pigs exposud to PVC by inhalation

exhibited the prasence of PVC particulates in the pulmonary maerophages,
although the pattarm of macrophape accumulation Letwecan the two species
differed. Theore wvas no influsmatory or umy other deleterious effact scon
in tha lungs of these animuls that could da attributable to PVC inhalation.

The incidence of porivascular lymphiold aggregations in the lungs df guinca

pigs was similar in both cxposed and controls.

Tha presence of bony spicules

in the lungs of oxposed nnd control guinea pips was observed. The patho-
genceis of thuc tvo comlitiona is not luwun (‘rhompson. S. W,., Hunt, R. D,

et al:

20:1002-1003 (197-07) and i9 vorth vaploring as nwsn uses guiua pigs as
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»
ont spccies of animals in b1 logical experiments. The nephrocalcinosis
scen in the exposed and control guinea pigs may be reclaced to dict
(J. C. Woodard: Am. J. Path. 65:253-268 (1971) and 65:269-278 (1971)).
Corollary to tho abova observation was the finding of invariasble fatiry
infiltration of exocrine and cndocrine elements of the pancreas in beth
the exposed snd control guinea pigs and the hyperplusia of islets of
Langerhans seen in both the rats and the guinea pigr employcd 4in this
experiment. Ia additiom, the vascular wall ealefification in the pul-
monary vessels of rats is disturbing. All of these "incidental® findings
strongly suggest that thesze animals had metabolic problems probably
related to the animal diet. The changes secn in the testes of rats were
non-specific and probably not related to treatment. The incidence of
neoplasms in the adrenals of rats is within the normil range obscirved

for Sprague-Dawley rats of this age. g \ <
M) &‘% ..

ommineni, D.V.M,
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PUBLIC HEAITH SERVIUE
CENTER FOR DISKASE CONTROL

DEFARTMENT OF HEALTH, EDUCATION, AND WELFART

NATHONAL INSTITUTE FOR (OCCUPAVIONAS XAFFYY AND HFE AL T

Chief, ETB .

Through: Director, DBAS DAYE: § ptember 6, 1978
Chief, BSB W’

Research Veterinary Medical Officer

Pathology Report on Monkeys Exposed to FPVC

Ten male Cynowolgus monkeys were exposed to PVC at 10 ng/a’ by
inhalacfon for 6 hours/day, 5 days/week for almost 22 months.
Control msle monkays (10) were maintained in sn open animal room
in their individual cages. The monkeys were killed withian 48 hours
after the final exposure. At the time of autopsy, tissues from the
iungs (all lobes with trachea), thyroid, heart, tracheobronchisl
lymph nodes (TBLN), mesenteric lymph nodes (MLN), liver, spleem,’
kidney, urinary bladder, prostate, testis, stomach (pylorus),
ducdenum, pancreas, adrenals, and skin from the abdomen were

saved for histopathology.

1.1 Control Monkays .
Path. Accss, %77-2975. 77-297%, 77-2981, 77-2983 co 77-2986,

77-2991, 77-2993 and 77-2994.

Gross and histopathology: See the pathology report on monkeys

exposed to Silica-F. .

1.2 Monkeys Exposed to PVC

Path. Acces. #77-2974, 77-2976, 77-2980, 77-2982, 77-2988,

77-2989, 77-2995, 77-2996, 77-2997 and 77-2999.

Gross Pathology: Adhesions between the lobes of the lung and

the thoracic wall ware seen in 77-2980, 77-2995 and 77-2997.

Multiple bluck areas ware sean in the lungs of 77-2976, 77-2980,

77-2982, 77-2988, 77-2989, 77-2996, 77-2997 and 77-2999. En-

laxzged and black MINg were seen in 77-2974 and 272976,

Histopathology:

Lung: Macrophages vith anisotropic particles as in the

controls vere similarly present in all these monkeys.
AMaixed with thess macrophages were other macrophages
wvith spherical material (PVC) of varying size in the
cytoplasm. About 15X of che total macrophage aggre-
gatas (macules) in 77=-2997, 77-2988 and 77-2980
contained black to brown anisotropic particles of
the sans degree of depositiocn as in the controls.
In the rest of the PVC axposéd monkeys 20 to 22% of
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the macules had these black to brown particles.

A total of 110 macrophage aggregates vere seen

at 25X magnification in most of the lungs.

The diameter of many of these aggregates varied
from 100 to 200u while the largest, present in

the alveolar region, measured 475u. The macro-
phage aggregates were present in the alveolar
wvalls, alveold, parcially obstructing the alveolar
lumens. They were also present around tartiary
bronchioles and in some alveolar ducts without
causing observable obstruction, A few places
shoved submucosal accumulations with no pelypoidal
projections. Wich phase contrast illumination
these macrophage accumulations appear as blue
aggregates. This tinctorial character is distinct
from the macrophage aggregates seen in amorphous
silica (F, G snd P) exposed monkays.

Focal hyperplasia of type Il cells vas present
in 77-2989. Swooth muscle hyperplasia was seen
around blood vessels and alveolar walls in 77-2996.
Acute bronchopneumonia was seen in 77-2988. Plant
naterial was presant in a bronchus in 77-2999.
Multiple gaint cells avay from the plant material
vare seen in the 77-2999, Non-inflammatory arteriopathy
as in the controls vas present in all thesa monkeys.

TBLM: As in the controls tha medulla contained macrophages
wvith snisotropic particles. In addition, other macras-
phages vith cytoplasaic material (PVC - blue in color -
ses lung) were present. Together, these mécrophages
reaplaced moat of the medulla of the TBINs in all
monkays.

Liver: Diffuse fatty i{nfilcration of the hepatocytes wvas
present in 77-2982 and 77-2996.

Kidney: Multifocal calcification of cortical tubules was secn
in 77-2995. .

MLN: See the controls.

The othar tissues axamined were unremarkable.

- J Al Bl vt v ...._......._._‘_J e e j _

l PPy

Commwent: A slightly higher number of macrophage aggregates containing .
: black and brown birefringent particles were seen in PVC exposed than
oT in cthe control monkeys. The pattern of distribution of the macrophage
accumulations in the PVC exposcd and the amorphous silica (F, C and P)
exposed monkey lungs snd the TBLNs was similar. The macules were smaller
in siza in PVC exposed than thosa seen in the amorphous silica (F, G and D)
exponed monkeys. The monkey lung reaction suggusts that it may be a

Uce
010753




-

4

Chief, ETB 3

non-specific one, inasmuch as these materials (PVC and amorphous
silicas-F, G and P) show diverse chemical composition. The second
paragraph under "Comment" in the pathology report on monkcys ex-
posed to amorphous silica-F also applies here. The influence of

the brown and black particles on the biologic effects of PVC are
hard to define but should be carefully considered. The only contri~
bution of the inhaled PVC dust deposition and reteation to pulmonary
tissue morphology was numerous aggregations of PVC-containing
macrophages.
Choudar{ Kommineni, Ph.D., DVM
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'.'To : Chief, BSB DATE: May 10, 1977
. THROUGH: Chicf, Pathology Section i j__ "
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rroM @ Veterinary Pathologist, Pathology Section

*umecr: Pathology Report on Guinca Pigs to PVC

Male guines pigs were exposed by_inhalation to polyvinyl chloride (PVC),
respirable concentration 10 mg/m”, for 6 hours/day for 5 days/week for

a period of 12 months, The animals were sacrificed immudiately after

12 months of exposura to PVC, Tha following tissues on each animal vere
saved at nccropsy for histopathology cvaluation: lungs, liver, heart,
spleen, kidney, pancreas, adrenal, thyroid, testis, and urinary bladder.
The histopathology evaluation vas perfornod on a total of 75 (exposed
36; control 39) male guinea pigs.

'w} 2.1 Guinea pigs exposed to PVC 10 gﬁ[ for 6 hours/day for 5 days/
o week by inhalation.
Path, Accs. No.: 76-1432 to 76-1467,

'q‘ CGross pathology: Yallow spacks were seen in the lungs of 76-1&36,
: -1436, -1459, and =1464. Consolidation of lungs was observed in

76-1435, -1437, -~1439, and -1449, Small areas of nccrosis in the

liver of 76-1443 worc seen. Masenteric fat necrosis was found in

76-1438 and 76-1441, .
! Histopathology? )
1 Lungs? All guinea pigs exhibited moderate amount of eosinophilic

; serous exudate mixed with mild to modurate numbers of
-y epithelial cells (decidual showing varying stages of de—
geansracion) in the bronchial lumenuz. Another common find-
ing among all guinea pigs was the presence of multiplae
aggregatas of lymphocytes, Most of thesc lymphoid agpre-
gatas wers oriented sround or near small arteries or veins,
thus giving an appcarancae of lymphoid follicles. The
interstitium of all the lungs showed numerous wacrophages.
These macrophages contained spharical to globular hollow
: structurces in the cytoplasm., These mocrophages did not
] aggregate in the samc fashion as thoge seen in rat lungs
(1.1). Plent material with or without associated inflam-
sation was seen in bronchioleas of 76-1432 and 76-14135.
Bone formation (small spicules) in alveolar area was scen
in 76~1434, =-1435, =1438, ~1446, -1452, -1433, -1455, and
. ~1456. PFocal atelcctasis was scen ia the lunge of all
t guinca pigs cxamined.
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Liver: Mild facty infilcration of hepat cytes was scen in
76~1432, ~144), and =1467. The histology slides from
76-1443 did not show any hepatic ncerosis. Scarch
£ r liver tissue with nccrotic arcas from "wet tissue"
was not fruicful,

Heart: Focal mild myocarditis was seen in 76-1441, vhile
76-1449 showed focal uineralizacion of myocardial
muscle bundles,

Spleen: Macrophages with yellow granular pigment in the cy:o—
plasm were seen in all guinea pigs.

Kidney: Multifocal mild mineralization of tubular epithelium
vas seen in 76-1432. =1437 to =1448, ~1450 to -1460,

' =1462 to ~1465, and -1467.

Pancreas: Fatty infiltration of the endocrine and exocrine ele-
ments was scen in 76~1439, -1442, -1444, -1447 to -1456,
=1458 and =-1461., PFacty infiltration of only exocrine
elements and moderate hyperplasia of the endocrine
elements were seen in all guinea pigs excluding the oncs
given above,

Adrenal: Yellow granular pigment in the cytoplasm of thc cortical

" . epithelium was seen in all guinea pigs. PFocal mfild
nineralization of the cortical epithelium was scen in
76=1435 and 76~1455.

Urinary bladder: Mild focal hypecrplasia of the transitional
epithelium was seen in 76-1444. Mincralization of sur-
face epithelial calls was geen In 76-1452, -1453, and
=1462 to -1465.

2.2 Untreated guinea pigs

P‘th. Accs, No,: 76"1“70 to 76"‘15080

Cross pathology: Consolidation of lungs was seen i{n 76-1488, -1490,
=1506. Swall necrotic foci were scen in the livers of 76-1486, -1488,
and -1491. A contracted kidney was seen in 76-1493. WNecrotic fat
(mass) was found attached to mesentery of 76-1475 (3.57 gm), -1477

(3 x 2 cm), ~1480 (4.5 x 2.5 cm), -1486 (1.0 x 2.0 cm), ~1494 (1 x 2
cm), ~149%, and -1496. .

Histopatholopy:
Lungs: The presence of eosinophilic fluid exudate with celluylar

dabris and the lymphoid aggregation in all guinea pigs

vas the sama as seen in 2,1. The interstitium of all the
lungs contained lesscr number of macrophages than thosc
seen 1in 2,1, The cytoplasm of thcse macrophngces was
granular and cosinophilic. Plant material with or without
inflammatory infiltratcs was seen in 76-1488 and -1490.
Bono formation in the alveolar repion was scen in -1476,
=1478, -1476, ~1478, -1490, -1493, =-1499, -1501, and -1506.
Focal consolidation of all lungs was scen.

B e L ALY CEREPAE g RS AR e T O WM e 08 ¢ b TR B L . sy e W e SR R W mame % s mu e o
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Liver: Fatty infiltration (mild) of hepat cytes was seen in
76-1472 and 76-1478. Moderate hypcrplasia of bile
ducts was scen in 76-1474. A mycl liposarcoma was
seen in thae liver of 76-1470.

Spleen: Macrophages with yellow granular waterial in the eyto-
plasa wore seen in all guinea pigs.

Kidoay: Multifocal mild to moderate mineralization of tubular
epithelium vas seen in 76-1470, -1471, =1473 co -1483,
«1487 to -1508, .

Pancreas: Facty infiltration of exccrine and endocrine clements
vas seen in 76-1470 to -147S5, ~1478, -1480, -1482,
=-1486, ~1488, =~1490, ~1492, -1494, ~1495 to -~1497,
=1501, -1502, -1503, and ~1507, The pancreas from
the remaining guinea pigs shoved fatty infiltration
of exocrine elements and hyperplasia of endocrine
tlements.

Adrenal: Yellow granular pigment in the cytoplasm of tha epi-
thalius of tha cortex of all guineca pigs was seen,

Urinary bladder: Mineralization of the surface epithelium vas
seen in 76-1472, =1475, -1480, -1495, -1497, -1498,
and =1504. Subacute cystitis was seen in 76-~1470 and
76=1494,

Mesenteric masses: 76-1473: Cranuloma of mesenteric fat.
Entrapped pancreatic cxocrine slcments were present,
76~-1475: Cranuloma of mesenteric fac,
76~1477: Thrombosis of veins with degenerative fat.
76-1480: Thrombosis of veins and degenerating fat.
76-1486: Cranuloma of mesenteric fat; polarising

yellov material seen,
76=1494: Degenerating fat,
76-1496: Granulowa of mesenteric fat.

Coment: PFor comparison, this comment shall include ret and guinea pig

data. Both the rets and the guines pigs expised to PVC by inhalation
exhibited the presance of PVC particulates i the pulmonary macrophages,
elthough the pattern of macrophage accumulstion betveen tha two species
differed. There was no inflammatory or any other daleterious effcct seen
in the lungs of these animals that could be attributable to PVC inhalation.

The incidence of perivascular lymphoid aggregations in the lungs of guine
pigs wvas similar in both exposed and concrols. The presance of bony spi-
cules in the lungs of exposed and control guinca pigs vas observed. The
pathogenesis of thase two conditions i3 not known (Thompson, S. W., Hunt,
R. D. et .1: ut J. Plth. ‘00 507"517 (1952). Ka\lf“‘lﬂ. Ae Fo? Labc Anim.
Care 20:1002-1003 (1970)) and is worth exploring as NIOSH uses guineu pips
as one npqctca of animals in bieclogical experiments, The nephrocalcinosis
secn in the sxposod and control guinea pigs may ba related to diet (J. C.
Woodard: Am. J, Path. 63:253-268 (1971) and 65:269-278 (1971)). Corollary
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to the above observation was the finding of invariable fatty infilcracion
of exocrine and endocrine elements of the pancreas in both the exposed
and control guinea pigs and the hyperplasia of falets f Langcrhans seen
in b th the rats and the guinea pigs employed in this experiment. In
addition, the vascular wall calcification in the pulmonary vessels of
rats is disturbing. All of these "incidental” findings strongly suggest
that these animals had metabolic problcms probably ralated to the animal
diet. The changes seen in the testes of rats were non-specific and
probably not related to treatment. The incidence of neoplasms in the
adrenals of rats is within the normal range observed for Sprague-Dawley

rats of this age. ) (
P -
.'Y'm\&:(u\%\

Choudar'i Xommineni, D.V.M.
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PLASTICS DIVISION'

NOTE ON A TELEPHONE CONVERSATION WITH DK M N JOHNSON OF BF GOODRICH,
20 OCTOBER 1978

PVC DUST - NIOSH STUDIES

Dr Johnson ‘phoned to soy he had now had a talk with Dr Trent Lewis

of NIOSH on the 3 mamaal study. Or Lewis swphasised that this was in n
sense a carcinogenicity study. It was a study aimed at ascertaining

about pulmonary function ond fibrosis, Dr Lewis was happy with th utcome
of the work in that nothing happened and there was nothing to comment on
the subject ot pulmonary function and fibrosis. He thought the study wos
totolliy unsuitsd to gauge carcinogenecity.

In Dr Lewis's view an inlalation study of PV dust on animals to demonstrot
carcinogenicity is a very difficult undertaking. He would be very
unwilling to tockle it unless there was sosething equivocal in the
epidemiology that needed to be resolved. Even then he would advocate’
expanding the epideaiology to get a more positive answer, If there is @
positive answer from the epidemiology no amount of onimol wark would acke
any difference and again he stressed that dust inholation tests f r
carcinogenicity on animals are long, tedious, difficult and uncertain.

J Stafford
Division Monager
Health & Environment Protection

\EC;;N:U
\ '\918
g -
JS/MJE/DSQ-107 o N
23 October 1978
Circulation
Dr W G F Adams Mr T L Phillips
Dr D P Duffield Mr B N P Hutchesson
Dr G Pigott Mr H M Clayton
Or 8 W Duck Me T W Moffite
Dr M Sharrott Or L de Boer
Or P Grasso Dr J G Kommvller
Or J T Carter Mr J C Thomas
Dr D W Plester Mr M Bonnefoy
Dr G Paddle Dr T Garlande
Or K $ Williamson Dr M N Johnson
Dr I F H Purchase Dr T R Torkelson
Sir C Lawrence-Jones Mr R N Wheeler (Jr)
Dr g W g:.td JS (2)
Mr G J eddon .
i e 0 & & Qnien JCL dorsti
Hr R Hazds Chi f Medicel Officer, AECI
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R N, WHEELER, JR. TO: SPI VINYL SUBCOMMITTEE

FROM: W D Davis/B N Wheeler
November 28, 1378

Your ref. Qur ref Tel axt Date
Js(m/mo.aw 3162 : 17 October 1978 .

PVC DusT

You may care to see the attached letter and NIOSH report 1 have received
from Dr Douglas of EMAS. This report seems reassuring but I would velcome -
the opinion of our Medical Committee wvho have been considering how to
design a good FVC dust inhalation study. Has the need for such a study
disappeared as & result of the NIOS8H work? Dr M K Johnsom of B F Goodrich,
vhen he saw us on 9 Ogtober, knew of these results but was critieal that
the rodent species were sacrificed at 12 months (monkeys 22 scnths).

Dr Johnson thought that a well conducted full life study on PV dust ine
halation should still be considered and the poasidility of Transatlantic
cooperation explored to derive both protocol and funding.

Cirelation
Dr W G P Adane Mr T ¥ Noffitt

Dr D P Duffield Dr L de Boer .

Dr G Pigott Dr J G Kamsuller

Dr B ¥V Duck Mr J C Thomas

Dr X Sharratt Mr M Bonnefoy

Dr P Grasse Dr T Garlanda

Dr J T Carter Dr M N Johnson

Dr D ¥ Plester Dr T R Torkelson

Dr G Paddle N R 8 Vhadler (Jr)¢
Dr K 8 Williasecn Js (2)

Dr I T R Purchase

8ir C Lavrense Jones Dr R £ Davies ICT Mol .

4
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K R Wnite, Duperial SAIC
ef Medical Officer, AKCI
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Health &  aperdsvoms

London W2 4ATF
Safety Telephona 01-229 3456

Executive o

Dr J Stafford

Division Manager Your refarence
Health & Environment Protection

ICI Limited, Plastics Division Our referance

P O Box Ko 6 1/Ms/406/225/78
Bessemer Road Date

Welwyn Garden City ALT 1HD 6 October 1978
Dear Dr 7(-::2:-:1

PVC DUST

Thank you for sending me a copy of Waxweiler's rep rt on
PVC dust and the item from Tox-Tips. Both will be
discussed at the next tri-partite medical meeting which
should take place in late November, Dr Blliott Harris

the head of the Division of Bio-Medical and Behavioural
Science, NIOSH, was here on Tuesday 3 October and told

we that the study by Dr Trent Lewis had been completed
and no evidence of carcinogenicity or pneumoconiosis had
been found in any of the animal species. I enclose copies
of the reports given to me by Dr Harris.

Yours sincerely

D B Douglas
Deputy Director of Medical Services

L]

¢ec: Ir R Cwen .
Dr F:S Fairweather UceC
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PVC _Chr_nic Inhal tion Toxic logy Study

-

Polyvinyl chloride (PVC) 1. wvidely used in various forms. Rigid
PVC 1i# used for cubing and fittings (insulation material and drainage
pipe), foils, films and sheeting (packaging, recording tapes), profiles
(blinds, window frames), tiles, sound records, and fibers. Flexible
PVC is used for cables, foils (decoration, roof covering), tubiog,
artificial leather, flooring, foam rubber, paint, varnish (lacquar),
and toys. .

Reports- of pulmonary dysfunction and pneunmoconiosis in PVC workers
and dust exposed anisals point to the nead for further studies on the
toxicological properties of the polymer. Also, cases of still-births,
miscarriages and malformations among workers engaged in the polymeriza-
tion of vinyl chloride have aroused great interest im the toxicological
properties of PVC. Since PVC 1is a fine volatile dust, pathogenic -
affects of the lungs may be anticipated.

B. F. Goodrich Company is a supplier of resins for vinyl dispersions
using the trade name "Ceon."” The dispersions are fluid suspensions of
special fine particle-size polyvinyl chloride resins in plasticizing
liquids, When the system is heated to about 148 to 177°C (300 to 350°F),
fusion (mutual solubilization of resin and plasticizer) takes place.

The dispersion turns into a homogensous hot melt. When the melt is
cooled below 350 to 60°C (122 to 140°F), it becomes a tough vinyl product. -

The term “plastisol™ is used to describe a vinyl dispersion which
contains no volatile thinners or diluents. Plastisols often contain
stabilizers, fillers, and pigments along vith the essentials, dispersion
resin and liquid plasticizer, but all ingredicntu have very low wolatility
under the processing and use condicions.

Geon 2] is a high molecular unt;ht :eatn. It has been the standard
of the plastiscl industry for over 25 ycars and is an excellent resin for
starting point formulations. Currtently, it is being used in dip, slush
and rotational molding, spread coating, fosm coating and molding, crown
and jar seals, and caulks and sealants.

In light of the relationship unequivocally established betweenm
accupational exposure to viayl chloride monomer and liver angiosarcoma,
and the concern expressed on potential risks to human heslth from exposure
to polyvinyl chloride (PVC) dusts manufactured and used from polymerizacion
of tha vinyl chloride moncumar, DBBS in FY'7?5S (n its project plan on
"Chranic Exploratory Toxicology Studies and Test of Validity of Industrial
ALlr Standards” proposed an inhalation exposure study with PVC dust. Actual
exposures to & rteprtesantative material (B. F. Goodrich Company, Gaon 121)
began in February 1976 utilizing three species of animals -~ monkey, guines
pig and rate— l.6-6-112 hours per day, S days per week exposure regimen,
and at & 10 ag/m’ respirable PVC dust concentrationm. Exposure duratiom
vas for 22 months. The following table summarizes the above data.

L Uce
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Selected Data from PVC Chronic Inhalation Exposure IStudy (Geon 121)

) e« :
Duration of Exposure Mean PVC Mean Range CT Values
No. per Group Conc. of Conc. (wg/m’-Hrs.)
Anical Calendar Exposure Exposure s . .
Species Expogsed Control Days Days Hrs. ng/m ng/m- Intended  Actual
Monkey .  10. 10 . 690 466 2818 10.8 ' 4.65-9.25 28,180 30,510 4"
ok
Gulnea Pig 40 40 379 245 1428 10.6 - 14,700 14,698 4/
S o
Rat 80 80 376 264 1424 * 10.6 - 14,640 14,627 *°
-.'-.-.:"-;' .
gc
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Particle size analysis of collected exposure chamber samples indicated
that the generaced PVC dust vas of a geometric mean diameter of 0.53unm
vith more than 99 of the sampled particles below 5.0um; 82X below
1.0um, The manufacturer's specifications data states a particie size
range for Geon 121 of between 0.5 and 1.5um.

Exposure System: Chambers used in the study vere five feet square,
stainless steel, and featured a dynamic airflov system of 40 cubic feet
per minute under a negative chamber pressure of approximately 0.2" H;0.
The PVC aerosol vas geonerated by wmeans of a Wright Dust Feed Mechanism
and the dust dispersed into the chamber at a rate suffictent to maintain
the desired 10 ngln' concentration. Gravimetric analyses were made four
times per day on collected mesmbrane filter samples for total dust con~
centrations, and once per day for respirable dust (10-plate horizontal
elutriator sample).

Biological response data evaluated from the exposed and control

-aniuall at time of serial sacrifice/evaluation included:

Biochemical/Clinical Chemistry (Guinea Pig, Rat only): (SCOT, SGPT,
alkaline phosphatase, gawna glutamyl transpeptidase, total protein and
serum-protein electrophoresis)., No significant differences vere indi-
cated in rats for any parameter. Guinea pig data showed controls with

.higher SGOT, SGPT, ard alkaline phosphatase. It vas concluded that no

extensive liver damage was detected by any of the liver clinical indicator
tests used. However, a sizable amount of liver damags must occur bef re
these tests would indicate abnormalcy. One cannot contlude that there

is no liver damage; but only that there is no extensive 1iver involvement.

Pathology (All species): No significent alterations in liver tissue.
The only contribution of the inhaled PVC dyst deposition and retention
to pulmonary tissue worphology wvas aggregation of PVC-containing macro-
phages (refer to attached pathology reports and to report on Amorphous
S$ilica exposed and coantrol monkays).

Pulmonary Function (Monkey only): Fasted, axposed and control moukeys
vere tested %ot pulmonary function one day following their last exposure.
Evaluations were accomplished through use of a variable pressure, vhole-
body plethysmograph. Tests evaluated were: Total lung cspacity (TLC):
vical capacicy (VC); inspiratory capacity (IC); residusl voluae (RV)
divided by total lung capacity (RV/TLC); forced expiratory volume in
0. 5 seconds (FeV 0.3); forced expiratory volume in 1.0 seconds (EeV 1.0);
peak expiratory flow (PF); maximum mid expiratory flow (MYF); uaximum
expiratory flow volume curves (MEFV) at 50%, 252 and 10% of vital capacity;
resistance; and compliance.

A summary of the extensive pulmonary function evaluations indicated
sone signs of loss of lung recoil pressure, probably a result of the
animals' aging process. In most cases differences were noted during the
second and third testing periods (exposure months 6 and 14) and wvere indi-
cative of some small) airvay obstruction. At this time, however, these
differences ware not statistically significant. At the last evaluation
(month 22) compared with bascline (pro-exposure) data there vere no signi-
ficant differences for any parameter tested. Impairment of respiratory
function does not appear to be indicated under the conditions of this
study from exposurs to respirable PVC dust.

Attachments
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Chief, BSD DATE: May 3, 1977
THROUGIl: Chief, Pathology Section

Veterinary Pathologist, Pathology Section

Pathology Repoit on Rats Bxposcd to PVC
——— .

Male rats were exposed by inhalagion to polyvinyl chloride (PVC),
respirable concentration 10 ag/m , for 6 houra/day for 5 days/wcek
for a period of 12 months. The aninals ware sacrificed {mmediaccly
after 12 months of exposurs to PVC. The following tissues on each
animal were saved at necropsy for histopathology evaluation: luugs,
liver, hesrt, spleen, kidney, pancreas, adrenal, thyroid, testis,
and urinary bladder. The histopathology evaluation was performa

on a total of 121 (exposed 57, control 64) male rats. :

1.1 Rats exposed to PVC 10 mglm’;;pr 6 hours/day for 5 days/weck

by inhalation.
Path., Accs. No.: 76~1329, 76-1337, 76~1338, 76-1340 to -13921.

Gross patholopy:
Lungs: Multiple white foci of varying esize cither in one
or more lobes of the lungs ware saca in 76-1337,
=1338, -1344, =-1345, ~1347, -1342, -1350, -1353,
~1354, -1363, -1367, -1369, -1373, -1379, -1385,
and -1387. "Abscess" vas seen in the lungs of
each of 76~1346, -1351, -1352, -1363, and ~1378.
“Tumor" moasuring 1.5 x 2.0 cm and weighing 2.90 gm -
vas seen in 76-1375.
Liver: Enlarged dark red liver vas saen in 76-1337.
Kidaey: Small mineralized areas (stones) vere scen in the
kidneys of 76-1363 and 76-1366.
Pituitary gland: Enlarged (10X) pituitary was scen in 76-1338.
Histopasthology:
Lungs: The lesions commonly associated with the chronic
* murina pneymonia (bronchiectasis, peribronchial,
and parivascular sccumulacions of lymphocytes, focal
chronic active bronchitis and bronchiolitis, focal
atelectasis) wore secn in all rats. Vascular
(arterial) wvall minerslization was seen in all rats.
Focal intensce macrophage accumulations (nolid sheetx),
somatimos displacing the normal structures, were scan.
Most of these macrophages had varying size globular
to spherical structures im tha cytoplasm (foam calls).
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These dense conplomerations f macrophages were
occasionally associated with mild blue staining
(mucin?) fluid material. The abuve-mentioned
macrophages or macrophages surrounded by fluid
vhen accumylated at the periphery of the lung
probably imparted the appearance of “white foci'
grossly seen in the lungs. The intracellular
material in these macrophages was probably parti-
cles of the PVC. No birefriugence was scen among
these., Dr. Stettler and Mr. George Mackay informed
me that these, indecd, were PVC particles, based

" on electron probe analysis of zome lungs from

the rats exposcd to PVC by inhalation as well as .
by intravenous injection. The macrophage accumu-
lations apart from physical displaccment of the
lung parenchyma do not seem to beatow any dale-
terious effects on these rats. No slterations
(hyperplasia, etc.) of the alvcolar or bronchial
epithelium attributoble to treatment were seen 1n
these rats,

Tracheobronchial lymph nodes (TBLN): Macrophage accumulations

as gaen in the lungs wvere seen in the medulla and
cortex of all the TBLNs examined. Reactive hyper-
plasia of germinal centers was also seen.

Mild fatty infiltration of hepatocytos was seen

in 76-1338., Extra medullary hematopoiesis (nild)
was seen in 76-1364 and 76-1371.

Macrophages containing yellow granular material in
the cytoplasm and extramedullary hematopoiesis were
secn in all the splaens examinad.

Mild focal myocarditis vas seen in 76-1337, -1363,
and ~-1377.

Multifocal mineralized areas of the tubulas or the
transitional epithelium of tha kidney pelvis were
seen in 76-1348, -1353, -1356, -1363, and -1366,
Focal tubular dilatation, focal tubular epithelial
degeneration and regeneration and mild lymphocyte
accumulacions ware seen in 76-1351, -1356, -1357,

. '=1363, -1370, -1376, -1381, -1382 to ~1384, -1387,

~1388, ~1390 co ~1392,

Mild hyparplasia of the isloets of Langerhans wvas
seon in 76-1353, -1361, =1363, -1364, -1367, -1368,
~-1320 to -1372, ~1376, -1377, -1379 to =-1381, ~1385
to ~1389, and -1391 to =1393.

Modorate fatty infilcraction of the epithelium of
tha cortex vas seen in 76=1341 to -1344, -1348 to
-1350, ~1369, -1370, -1378, and -1381. An adrenal

- cortical adenoma was scen in each of 76-13635 and

76=1371. A phcochromocytoma was seen in 76-1358.
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Thyroid: Cyst(s) containing keratin was scen in 76-1337,
~1338, ~1341, -1342, -13435, -1346, -1353, -~1355
to -1357, ~1360, -1361, -1364, -1365, -1370,
-1372, -1374, ~1375, ~1379 to -1382, ~-1385, ~1391
to -1393.

Testis:

Vessel (artery) wvall mineralizastion was secen in
76-1358, -1378, -1385, and =1390. Mild hyperplasia
of interstitial cells and atrophy of seminiferous

tubules were seen in 76-1347, -1353, -1358, -1361,
'1355. —137°| .ﬂd -13780

Lymph noda: Chronic lymph adenitis was scen in 76-1375. The

Pituitary:
All the other organs examined were unremarkablae.

1.2 Untreated Male Rats

lymph node was adjacent to a major artery suggesting
it to be a mediastinal lymph node.
A chromophobe adenioma was seen in 76~-1338,

"Path. Aces. No.: 76-1394 to =-1431, 76-1510 to -1520, 76-1523 to

=1537, .76-1539 to =1548. -

Gross pathology: A cataract of the right eyc was seen in 76-1396.

Histopathology:

" Lungs?

TBLN:

‘Liver:
Splecni

Heart:

Pancreas:

e TICERN WL T YET S

Consolidation of lung lobes was seen in 76-1395,
~1400, -1416, ~1527, -1530, -1537, -1540, -1546,
and -1547., Broun discolorarion (76~1405) and

an abscess was seen in the lungs (76-1418). A
muleiloculated mass 2.5 x 3.0 cm was secn attached

to mescntery in 76-1427. Renal calculi were
seen in 76-1518.

The worphological changes atsociated with the chronie
mucine pncumonia and pulmonary vascular wall minerali-
sation as scen in 1.1 were scen in all rats, Macro-
phage accumulations of far lesscr degrea in intensicy
vere scen in all rats. Thesa macrophages did not
congregate in a solid sheet as scen im 1.1, The cyto-
plasm of most of those macrophages contalned granular
eosinophilic material. No alveolar or bronchial
epithelial hyperplasia was seen in any rac.

Chronic renctive hyperplasia was a common finding in
sll rats.

- A single cyst was scen in each of 76-1397 and 76-1399.

The changes scon were similar to those scen in 1.1
in all racs,

Mild focal myocarditis wns scen in cach of 76-1401,
=1402, ~1405, -1407, and -1415.

Mild hyperplasia of ondocrine elementn was scen in
76=-1395 to «11)99, ~1402, ~1404 to -1410, -1414 to
-1418, -1420, -1421, -1424 to -1426, -1428, -1429,
-~1510, =-1511, ~1514, -1515, -1518 to -1523, -1532,

‘=1539 to -1542, and ~1543.
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Kidney: Tubular epithelial degeneration and regeneration,
occasional tubular dilatati n and f cal mild lympho-
cytic accumulation vere seen in 76~1394, ~1396, -1397,
-1399, ~1401 to ~1403, -1405, -1409, -1412, -1417 co
~1419, ~1l421, -1422, =-1425, -1431, -1515, -1524, -1527,
=1534, ~1546, and -1548. Focal mineralization of
tubulor epithalium and/er tha transitional epithelium
of the renal pelvis was secen in 76-1518, -1527, and
-1531. :
Adrenal: Adenoma of the adrenal cortex was noticed in 76-1400,
-1518, ~1523, and -1544. TIhéochromocytoma was sean
in 76-154B. Moderate facty infiltration of the cortex
was scen in 76-1410 and 76-1544, :
Thyroid: Cyse(s) containing keratin was seen in 76-1395, -1397,
-1399, -1402, -1403, -1406, -1410 to -1412, -1416,
~1417, =1419, -1420, -1422, -1423, ~1425 to -1427,
~1429, -1510, -1512 cto -1515, -1517, -1519 to -1527,
-1529, ~1530, ~1532 to ~1334, -1536, ~1541, ~1543 to
-1548. ' .
. . Testis: Atrophy of seminiferous tubules and Leydig cell hyper-
' plasia was gscen in 76~1395, -1400, -1514, -1516, -}533,
-1541, and -1548. Vessel (artery) wvall calcification
vas seen in 76-1398 and 76-1533, Focal moderate
mincralization of scminiferous tibules was seen in
. 76-1418, -1510, .nd -1517.
- Eye: 76-139G: Retinal atrophy - unilateral. Adhesions
betweun the recina and lena with dystrophic caleifi-
cation at somea foci. The lens protein was well orienced
with occusional basophilic hodics, probably nuclei from
decidual lens cvlls. The caléific deposits coupled with

adne a8 25 TAP N A _"
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! the hyalinization of sclera imparted the opacity to the
o lens; cataract secn grossly. .
i Mass: 76-1427: CGranuloms of mesenterie fat.
-y .

Comment: For comparison, this comment shall {nclude rat and guinea pig
data. Both the rats and the guinca pigs exposad to PVC by inhalation
exhibited the prosence of PVC pactleulates in the pulmonary macrophages, .
although the pattarm of mucrophape accumulation betwecan the two specics
differad. There was no influumatory or uny other deleterious effect scen
in the lungs of those animals that could ba attributable to PVC inhalation.

The incidence of perivaaclilar lymphoid aggregations in the lungs df guinea
e pigs was similar in both cxposed aud controls. Tha presence of bony spicules
T in the lungs of expesed nnd contro) guinaa pips was obscurved. The patho-
genesis of thwse two comditions is not known (Thompson, S. W., Hunt, R. D,
ct al: Am. J. Path, 40:507-517 (1962); Kaufmm, A. P.: Lab. Anim. Care
20:1002-1003 (1970)) und is vorth exploring aw N1UOSH uses guinea pigs as
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»
one specles of animals in biol gical experiments. Thé nephrocalcinosis
scen in the exposed and control guinea pigs may be rclated to dict
(3. C. Woodard: Am. J, Path, 65:253-268 (1971) and 65:269-278 (1971)).
Corollary to the abovae observation was the finding of invariaoble fatiy
infiltratioa of exocrine and cndocrine elements of the pancreas in both
the exposed and control guinea pigs and tho hyperplasia of islets of
Langerhans seen in both tha rats and the guinea pign cmployed fn this
experiment, In addition, the vascular wall caleification in the pul-
monary vessels of rats is discurbing. All of these "incidental” findings
strongly suggest that these animals had metabolic problems probably
related co the animal diet. fThe changes seecn in the testes of rats were
non-specific and probably not related to treatment. The incidence of
necplasms in the adrenals of rats is within the normal range obscrved

for Sprague-Dawley rats of this age. -‘\ (
L} % \‘
-U\ g%.\\lv

omeineni, D.V.M.
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- MEMORANDUM o O st semona: ANP WELTARY

CEMTER AOR DISFASE CONTROW
MATIONAL INSTITUTE FOR OCCUPATIONAL SAFFYY AND 0P a1y

PO

- 10 . Chief, ETB .
- Through: Director, DBBS OATE: September 6, 1978
-i Chief, BSB W‘—
i
{ rroM Research Veterinary Medical Officer

Ten male Cynomolgus monkeys were exposed to PVC at 10 mg/m’ by
inhalation for & hours/day, 5 days/weck for almoat 22 months.
Control male aonkays (10) were maintained in an open anisal room
in their individual cages. The monkeys were killed within 48 hours
after the final exposure. At the time of autopsy,tissues from the
lungs (all lobes with trachea), thyroid, heart, tracheobronchial
lymph nodes (TBLN), mesenteric lymph nodes (MLN), liver, spleem,’ ;
kidney, urinary bladder, prostate, testis, stomach (pylorus), - :

1 supecT: Pathology Report on Monkeys Exposed to PVC
)
|
L4
¢

< ' duodenum, pancreas, adrenals, and akin from ths abdomen were :
S saved for histopathology. i
| I t
1.1 Control Monkays
— Path, Accss. %7‘7-2975, 77-2979, 77-2981, 77-2983 to 77-2986,

77-2991, 77-2993 and 77-2994.
Gross and histopathology: See the pathology report on monkeys
exposed to Silica-F, .

.
L

{ 1.2 Monkeys Exposed to PVC .
: Path. Accss., #77-2974, 77-2976, 77-2980, 77-2982, 77-2988,
77-2989, 77-299S5, 77-2996, 77-2997 and 77~2999.
T Grosa Pathology: Adhasions betwcen the lobes of the lung and
—y the thoracic vall were seen in 77-2980, 77-2995 and 77-2997,
’ Multiple black areas were scen in the lungs of 77-2976, 77-2980,
77-2982, 77~-2988, 77-2989, 77-1996, 77-2997 and 77-2999. En-
larged and black MLNs were seaan in 77-2974 and 77-2976.
Histopathology:
Lung: Macrophages with anisotropic particles as in the
- controls vers similarly pressnt in all thase wonkeys.
Mnaixed vith these macrophages were othar macrophages
with spherical msterial (PVC) of varying size in the
ey cycoplasm. About 15X of the totsl macrophage aggre-
gates (macuyles) in 77-2997, 77~-2988 and 77-2980
contained black to brown anisotropic particles of
the same degree of deposition as in the countrols.
In the test of the PVC axposéd monkeys 20 to 222 of
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TBLN:

Liver:
Kidnay:
MLN:

the macules had these black to browm particles.

A total of 110 macrophage aggregates vere seen

at 25X magnificacion in most of the lungs.

The diameter of many of these aggregates varied
from 100 to 200u vhile the largest, present in

the alveolar region, measured 475u. The macro-
phage aggregates ware present in the alveolar
wvalls, alveoli, partially obstructing the alveolar
lumens. They were also present atround tertiary
bronchioles and in some alveolar ducts without
causing observable obstruction. A few places
shoved submucosal accusmlations with no polypoidal
projections. Wich phase countrast illuminatien
these macrophage accumulations appear as blue
aggregates. This tinctorial character is distinet
from the macrophage aggregates seen in amorphous
silica (F, G and P) exposed monkeys.

Focal hyperplasia of type 11 cells vas preseat

in 77-2989. Smooth muscle hyperplasia was seen

around blood vessels and alveolar walls in 77-2996.
Acute bronchopneumonia was seen in 77-2988. Plant
material vas present in a bronchus in 77-2999.

Multiple gaint cells awvay from the plant material

vare seen in the 77-2999. Non-inflasmatory arteri pathy
as in the controls vas present in all these monkeys.

As in the controls the medulla contained macrophages
vith anisocropic particles. In addition, other macra-
phages with cytoplasmic material (PVC - blue in color =
sae lung) were present. Together, these mscrophages
replaced wmost of the madulla of the TBINs in all
wonkeys.

Diffuse fatty infiltration of the hepatocytes was
present in 77-2982 and 77-2996.

Multifocal calcification of cortical tubules vas secn
in 77-2995.

Sae the controls.

The othar tissues cxaniqod were unremarkable.

Commant: A slightly higher number of macrophage aggregates containing .
black and brown bdirefringent particles wers secn in PVC exposed than

in the contrel monkeys. The patcern of distribution of the macrophage
sceymulacions in the PVC exposed and the amorphous silica (P, G and P)
exposcd monkey lungs and the TBLNs was similar. The macules were smaller
in siza in PVC exposed than those seen in the amorphous silica (F, G and P)
exponod monkeys. The monkey lung roaction suggests that it may be a

Uce
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non-specific one, inasmuch as these materiasls (PVC and amorphous
silicas-F, G and P) show diverse chemical composition. The second
paragraph under “Comment" in the pathology report on monkeys ex-
posed to amorphous silica-F also applies here. The influence of

the brown and black particles oo the biologic effects of PVC are
hard to define but should be carefully considered. The only contri-
bution of the inhaled PVC dust deposition and retention to pulmonary
tissue morplology was numearous aggregations of PVC-containing
macrophages.

Choudari Kommineni, Ph.D., DVM
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CUERTER FOR IISEAM CONERIN
NATIINAL INSTIVIIFE 10 OCCHPALIOINAL MAFETY AMDY HILEALTUH

. w70 ¢ Chief, BSB DATE: May 10, 1977
TIIROUCH: Chicf, Pachology Section . j_ j‘
(.‘. Y *
. o

JrroM  : Veterinary Pathologist, Pathology Section

éunmcr: Pathology Report .on Guineca I'igs to PVC

Male guinea pigs were exposed by inhalation to polyvinyl chloride (pvC),
respirable concentration 10 mg/m , for 6 hours/day for 5 days/week for
a period of 12 months, The animals were sacrificed immediately after
12 months of exposure to PVC. Tha following tizsues on each animal ver
saved at necropsy for histopathology cvaluation: lungs, liver, heart, |

. spleen, kidney, pancress, adrenal, thyroid, testis, and urinary bladder.

; The histopathology evaluation wvas pcrformcd on & total of 75 (exposed
36; control 39) male guines pigs,

w¢1 2,1 Guinea pigs exposed to PVC 10 gg/u for 6 houra/day for $ days/
. uuek;bxfinhnlation.

Path, Accs, No.: 76-1432 to 76-1467,
- , Gross pathology: Yellow apecks were scen in the lungs of 76—1636
1436, -1459, and -1464. Consolidation of lungs was obsarved in
76-14135, -1437, -1439, and -1449. Small areas of necrosis in the
liver of 76-1443 verc seen, Mesenteric fat necrosis was found in
76=1438 and 76-1441. .
Histopstholopy: '
Lungs: All guinea pigs exhibiced modarate amount of eosinophilic
. serous exudate mixed with mild to modcrate numbers of
-y epithelial ceclls (decidual showing varying stages of de-
generation)in the bronchial luymens, Another common {ind-
ing among all guinea pigs was tha presence of mulriple
aggregates of lymphocytes. Most of these lymphoid apgre-
gates vare oriented around or near small arteries or veins,
thus giving an appcaranca of lymphoid follicles. The
intersticium of all the lungs shuwed numerous wacrophages,
These macrophages contained spherical to globular hollow
structures in the cytoplasa. These mocrophages did not
oy aggregate in tha same fashion as tlosc seen in rat lungs -
: (1.1). Plont material with or without associated inflam-
mation wax seen in bronchioles of 76-1432 and 76-1435,
Bone formation (small spiculus) in alvcolar area was scen
in 76-1434, -1435, =1438, =1446, ~1452, -1453, -1455, and
‘ =1456. Focal atglectasis wos scen in the lungs of all
* guinca pigs cxamined, .
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Liver: Mild facty infilctracti n of hepat cytes vas scen in
761432, ~1441, and ~1467, The histology slides from
76-1443 did not show any hepatic nccrosis., Search
for liver tissua with ncerotic arcas from "wet tissue"
was not fruicful, )

Hearts Focal mild myocarditis vas seen in 76~1441, vhile
76~1449 showed focal -1uor111:ation of myocardial
muscle bundles,

Spleen: Macrophages with yellow granular pigment in tha cyto-
plasm were scen in all guinea pigs.

Kidney: Multifocal mild mineralization of tubular epithelium

. was seen in 76-1432, -1437 to -1448, -1450 to -1460,

' =1462 to -1465, and -1467.

Pancreas: Patty infilctration of the endocrine and exocrine ele~
ments wvas scen in 76-1439, -1442, ~1444, -~1447 to -1456,
=1458 and ~1461. Farty infiltration of only exocrine
elements and moderate hyperplasia of the endocrine -
elements were seon in all guinea pigs excluding the ones
given above,

Adrensl: Yellow granular pigment in the cytoplasm of :hc cortical

" . epithelium was seen in all guinea pigs. PFocal mild
mineralization of the cortical epithelium was scen in
76-1435 and 76-1453,

Urinary bladder: Mild focal hypcrplasia of the transitional
spithelium was seen in 76-1444. DMineralization of sur~
face epithelial cells vas seen in 76-1452, ~1453, and
=1462 to -1465.

2.2 Untreated guinea pigs

Path, Accs, No.: 76-1470 to 76-1508.

u-u' | i e .,ﬂ .
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1 Cross pathelogy: Consolidation of lungs was seen in 76-1488, -1490,
Ty =1506, Small necrotic foci wvere seen in the livers of 76-1486, 1488,
st and -1491. A contracted kidnay was seen in 76-1493. MNecrotic fat

- (mass) was found attachcd to mescntery of 76-1475 (3.57 gm), -1477
’ © (3 x 2 cm), -1480 (4,5 x 2,3 cm), -1486 (1.0 x 2.0 cm), -14% (1 x 2

cm), =-1495, and ~1496.
Histopatholopy:
Lungs: The presence of eosinophilic fluid cxudate with cellular
debris and the lymphoid aggraegation ia all guinea pigs
! was the same as seen in 2.1. The interstitium of all the
lungs contained lesscr number of macrophages than thosa
' seen in 2.1. The cytoplasm of thosc macrophnpes vas
- granular and cosinophilic. Plant waterial with or without
! ’ inflammatory infiltratos was seen in 76~1488 and -1490.
. Bone formation in the alveolar repion was scen in ~1474,
=-1473, -1476, -1478, ~-1490, -1493, -1499, ~1501, and -1506.
Focal consolidation of all lungs was soon,
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Liver: Fatty infiltration (mild) of hepatocytes was seen in
76-1472 and 76~1478. Moderate hypcrplasia of bile
ducts was acen in 76-1474. A myclolipossrcoma was
seen in the liver of 76-1470.

Spleent Macrophages with yell w granular matarial in the cyto-
plass were seen in all guinea pigs.

Kidney: Multifocal mild to moderate mineralization of tubular
epithelium vas seen in 761470, -1471, ~1473 to -1483,
-1487 to -1508. , .

Pancreas: Fatty infiltracion of cxocrine and endocrine clements
vas seep in 76-1470 co -1475, -1478, -1480, ~1482,
-1486, -1488, =1490, -1492, -1494, -1495 to -1497,
-1501, ~1502, -1503, and -1507. The pancrcas from
the remaining guinea pigs showed facty infiltration
of exocrine elements and hyperplasia of endocrine
elements,

Adrenal: Yellow granular pigment in the cytoplasa of the epi-
thalium of the cortex of all guinca pigs waa seen,

Urinary bladder: Mineralization of the surface epithelium vas
seen in 76-1472, -1475, -1480, ~1495, =1497, =-1498,
and =1504. Subacute cystitis was geen in 76-1470 and

76=-1494, )
Mesenteric masses: 76~1473: Cranuloma of mesenteric fat.
Entrapped pancreatic cxocrine eloments were present, .

76~1475: Cranulomg of mesenteric fat,

76-1477: Thrombosis of veins with degenerative fat,

76~1480: Thrombosis of veins and degenerating fat,

76~1486: Granuloma of mesenteric fat; polarising
yellow material seen,

76~1494: Degenerating fat,

76-1496: Cranulowa of mesanteric fat,

Comnent: For comparison, this comment shall include rat and guinca pig
data. Both the rats and the guines pigs expssed to PVC by inhalation
exhibited the presence of PVC particulates iu the pulmonary macrophages,
although the pattern of macrophage accumulation batween tho two spacies
differed. Thare was no inflammatory or any other daleterious effcet seen
in the lungs of these animals that could ba attributable to PVC inhalati n.

The incidence of perivascular lymphoid aggregations in the lungs of guinca
pigs wvas similar in both exposed and controls, The presence of bony spi-
cules in tha lungs of exposed and control guineca pigs was obscrved, Th
pathoganesis of thesa two conditions iz not known (Thompson, S. W., Hunt,
R. D, et al: Am, 3, Pach, 40:507-517 (1962); Koufwan, A. F.3 Lab. Anin,
Care 2011002~1003 (1970)) and is worth cxploring as NIOSK usas guinea pips
as one specics of animals in biological experiments. The nephrocalcinosis
secn in the exposoed and control guinca pigs may be related to diet (J. C.
Woodardt Am. J. Path, 63:253-268 (1971) and 63:269-278 (1971)). Corollary
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t the ahove obscrvati n was the finding £ invariable fatty infiltration
of exocrine and endocrine elcments £ che pancreas in both the exposed
and control guinca pigs and the hyperplasia £ islcts f{ Langechans seen
in both the rats and the guinca pigs empl yed in this experfment. In
addicion, the vascular vall calcification in the pulwonary vessels f
vats is disturbing. All of these “incideatsal” findings strongly suggest
that these anixals had smetabolic problcas probably related to the animsl
diet. The changes seen in the testes of rats were non-specific and
probably not related to treatment, The incidence of neoplasms in the
adrenals of rats is within the normal range observed for Sprague-Dawley

rats of this age. . (

ommineni, D.V.M,
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NOTE ON A TELEPHONE CONVERSATION WITH DKk M N JOHNSON OF BF GOODRICH,
20 OCTOBER 1978

PVC DUST - NIOSH STUDIES

Or Johnson ‘phoned to say he had now had o talk with Dr Trent Lewis
of NIOSH on the 3 mommal study. Dr Lewis emphasised that this was in n
w—y sense a carcinogenicity study. It wos o study oimed ot ascertaining

cbout pulmonary function and fibrosis, Dr Lewis was happy with the utcom
of the work in that nothing happened and therwv was nothing to comment n
the subject ot pulmonary function ond fibrosis. He thought the study was
totally unsvited to gouge carcinogenscity.
In Dr Lewis's view an inkolation study of PVU dust on animals to demonstrat
carcinogenicity is a very difficult undertaking. He would be very
unwilling to tackle it unless there was something equivocal in the
epidemiology that needed to be resolved. Even then he would advecet -
expanding the epidemiology to get a more positive answer. 1If there is o
positive onswer from the epidemiology no emount of animal work would mak
any difference ond again he stressed that dust inhalation tests f r
g corcinogenicity on animals are long, tedious, difficult ond uncertain.
-y
J Stafford
Division Manager
' Health & Environsent Protection
: i _ \'-,ECE"‘I (1
-y 1 918
\\IHF." . e
JS/MIE/DSO-107 o
23 October 1978
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