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N-NITROSAMINES—CONTAMINANTS IN
BLOOD-COLLECTION TUBES
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Abstruct— Volatile nittotamines were found in commercially produced rubber-stoppered blood-collec-
sion tubes. Some rubber stoppers contzined up 10 147 ppb nittesodimethylamine, 92 ppb nitresedicihyl-
amine and 1302 ppb nittesomorpholine. These niticsamines 1eadily lcached out of the sieppers 10

contaminale the tubes and their contents.

INTRODUCTION

Volatile nitrosamines, potent animal carcinogens.
have been reported in human urine (Kakizoe, Wang.
Eng, Furrer, Dion & Bruce, 1979), facces (Wang. Kak-
‘izoe, Dion, Furrer, Varghese & Bruce, 1978) and
blood (Fine, Ross, Rounbehler, Silvergleid & Song,
1977). During a recent study on nitrosamines. in
hurman blood (Lakritz. Simenhofl. Dunn & Fiddler,
1970), we observed unexpectedly high Jevels of
N-nitrosodimethylamine' (NDMA), N-nitrosodiethyl-
amine (NDEA) and N-nitresomorpholine (NMOR) in
a blood sample. The latter compound has not pre-
viously been detecied in significant quantities in bio-
logical samples or in foods. This report is the result of
an investigation to determine whether the niros-
amines found were normally present in the blood or
were artefacts introduced into the sample.

EXPERIMENTALY

Maierials. Dichloromeihane (DCM), acetone and
isooctane were obtained predistilied in glass from
Burdick and Jackson (Muskegon, MI). Hydrochloric
acid. sodium hydroxide and sodium suiphate {anhy-
drous) were ACS grade. All the reagents and distilied
water used were checked and found to be free of
nitrosamines. ~

Evacuzied blood-collecting specimen tubes pro-
duced by four manufacturers (Kimble-Terumo. Elk-
ton, MD; Jeico, Raritan, NJ; Becton-Dickinson &
Co., Rutherford, NJ; Corning Glass Works, Corning.
NY) were analysed for nitrosamines and amines. The
tubes contained no additive and were silicone-coated
or contained as an anticoagulant either sodium
heparin. ethyienediaminetetraacetic acid (EDTA)
sodium citrate, potassium oxalale Or serum se¢pajalor.

\

* Agricuitural Research. Science and Education Adminis-
ration. US Depariment. of Agriculiure. The products
tested in this study were seiecied on the basis of avail-
zbility. Reference 10 brznd or firm name it given for the
cornenience of the reader and does not constitule en-
dorsement by the US Deariment of Agricuhure of any
specific product over others. ’

sNoie: Preczution shouid be exercised in the handling of
nitresamines since they ere poizntial carcinogens.

Methods. Rubber stoppers were removed fiom the
blood-colicction tubes and the exposed upper portion
of cach was removed 10 preclude the possibility of
contamination from exiernal sources. The lower por-
tion of the stopper, which was in coniact with the 1est
tube. was immersed in 3ml DCM for 30 min. The
DCM was extracted three times with 3ml 02 ~-HCA,
which in turn was re-extracted with an equal volume
of DCM. The combined DCM extracts were dried by
passage through anhydrous sodium sulphate and con-
centrated 1o 1-0ml in a Kuderna-Danish apparatus
on a sieam bath and in a micro Snyder column ina
waier-bath at 68°C. The squeous hvdrochioric scid
exiracts, containing the {ree amines, were taken 10
dryness by lvophilization. The samnples were reconsti-
tuted to 1-0 ml with water, and sufficient 0-2 x-NaOH
solution was added 1o atiain a pH of 10 prior 10
gas-chromatographic analysis.

The amines and nitrosamines inside the glass -iest
tubes were removed by rinsing the tubes, including
the additives. if any, with 3 x 3ml 02 ~-BQ and this
acid solution was extracied with zn equal quantity of
DCM. The acid extract containing the amines and the
DCM exiract containing the nitrosamines were then
concentraied as described above.

Analyses. The analysis for nitresamines was accom-
plished by the use of a eas-liquid chromaiograph
{GLC) inicrfsced with a Thermal Energy Analyzer
(TEA) Model 502 (Waltham. MA), which 1s extremely
sensitive and specific for nitrosamines (Fine, Rufeh &
Gunther, 1973). The nitrosamines were separzied on a
Varian-Aerograph Model 1720 gas chromatograph
(Palo Alto, CA) containing a nickel column (9 ft x
1/8in. OD) packed with 159, Carbowax 20 M-TPA
on 60—80 mesh Gas Chrom P. The injector por iem-
perature was 220°C. 2nd the column temperaiure was
programmed from 110 10 220°C at 4°C:min. With a
hefum flow rate of 42 ml/min. NDMA, NDEA and
NMOR eluted at 42, 56 znd 15§ min, respectively.
The TEA was operaied under conditions similar 10
these reporied by Fine & Rounbehler (1973). Sampies
coraining concenlraiions as low as 0-1 ng/10 yl could
be deiected readily.

Apparent nivrosamines jdentified on the basis of
GLC reiention times and TEA deiectability were con-
firmed by heing exposed 1o vliraviolet light and ihen
rechromaiographed on  the GLC-TEA (Duoerr &



Fiddler, 1977} to deoiermine their  photolability.
"Sclected samples weie furiher confiimed by scpar-
ation and idcentification of the nitrosamines by high-
pressure liquid chromatography (HPLC) interfaced
with 3 TEA detector {(HPLC-TEA). The nitrosamines
were separaied on a Luboratory Data Coniro}l HPLC
equipped with a Constamctric Pump 11 (Riviera
Bcach, FL) and a column (S0cm x 221 mm ID)
packed with MicroPak Si 10 (J0 4l) porous silica. The
isocratic mobile phase was 59 acctone in isooctane
operating 3t a flow rate of 1 mi/min. Elution times for
NDEA, NDMA and NMOR were 63, 1244 and
14-6 min respectively.

GLC-mass spectiometric analysis. For confirmation
of the idcntity of the nitrosamines, 2 Varizn-Aero-
eraph Madel 2700 GLC equipped with a glass
column (6t x 1/4in. OD) packed with 15% Car-
bowax 20M-TPA on Gas Chrom P was connected 10
a Varian MAT 311A muss spectrometer (MS; Varian
Associaies. Florham Park, NJ). The helium flow rate
was 15 ml 'min. The temperztures vsed for the detec-
tor. imiector port and GLC-MS inierface sysiem were
200, 200 and 180°C. respectively. and the column was
programmed from 90 10 140°C a1 4°/min for NDMA
and NDEA. and from 140 1o 180°C at 6%/min for
NMOR. The MS was c¢peraied in the peak-matching
mode adjusied to a resolunion of 1in 10.000 or 12.000.
The mass specira were obtained at an ionizing voliage
of 70 eV and an icn-source temperaiure of 150°C. The
mass-to-charge raties (mje) of 7404799 for NDMA
and 102:07930 for NDEA were determined on the
bases of the m/e €9-99857 and m/e 99-99361 perfiuoro-
kerosene reference peaks, respectively, by mecasuring
the difference in mje. The mie of 11605837 for
NMOR was determined by using the mje 106:07825
reference peak of xylene in a similar manner. The
signial was recorded on both an oscillescope and a
recording oscillograph. '

Confirmation of the nitrosamines by MS required
larger samples than those used for TEA analysis. For
each znalysis. the lower portions of ten sioppers were
ground and exiracted twice with 20 ml DCM, and the
extract was passed through an acid Celite column and
concentrated as described above.

The smines weie gusniitated by GLC on a Hew-
leti-Packard Maodel 5710A gas chromatograph (King
of Prussia. PA) equipped with # nitrogen- phosphorus
detector. Separation was achicved in a gless column
(601 » 2mm 1D) packed with 12% Amine 220 plus
$°2 KOH on 100-120 Chromosorb W/AW (Supelco,
Rellcfonte, PA). The injecior, column and detecior
temperatures were 200, 50 and 250°C, respectively, for
all scparations except moipholine, for which the
column temperature was 80°C. Carricr-gas flow rate
was 1S ml'min at all times. At 2 column temperature
of 30“C, the icicntion times for the amines were (in
min): trimethylemine 1-2, methylamine 1-6, dimcthyl-
zmine (DMA) 1-8. ethylamine 25 and diethylamine
(DEA) 52. At 80°C. miorpheline (MOR) cluied at
125 min.

RESULTS

No riitrosamines were detecied in any of the re-
apents or distilled water used in the znalytical pro-
cedures. Therelore,  stiention was direcied 10 the
blood-collection tubes and their anticcagulant con-
tents (Tuble 1). Tubes mznulaciured by Kimble-Ter-
umo had no detectable nitrcsamines when empty, but
those containing sodium citrate in solution showed
nitrosamines up 10 16 ppb NDMA_ 6 ppb NDEA and
143 ppb NMOR. When 2 soluiion of EDTA was pre-
sent as the anticoagulant, levels up 10 17 ppb NDMA,
Sppb NDEA and 158ppb NMOR were found
Neither the Jelco brand blood-colicction tubes, empty
or contzining selid hieparin. nor the Becion-Dickin-
son and Corning brznd iuhes. emply or containing
anticoagulants, contzined deieciable nitroszmines.

The presence of nitresermines only in tubes with
liquid anticoagulants suggesied the possibility of the
rubber stoppers as a source of the nitrosamines.
Results of the anzalvses of rubber stoppers from major
rands of evacuated biood-collection tubes are shown
in Table 2. In 17 of 20 Kimble-Terumo tubes, rubber
stoppers contained 11-98 ppb NDMA, §-67 ppb
NDEA and 85-678 ppb NMOR. The Jelco brand
stoppers, alithough no nitrcsamines were detecied in
the tubes, contzined 39-147 ppb NDMA, 22-92 ppb
NDEA and 359-1302 ppb NMOR. Nene of the Bec-

Table 1. Niirosamines in ihe contents of blovd-coliection 1ubes

Positive Nitrosamine levels (ppb)*
iubes
Manufacturer Additive {no./no. tesied) NDMA NDEA NMOR
Kimble-Terumot None 0/5 ND ND ND
Na citrate (liguid) 4/5 5-16 (8) 3-9 (4-4) 61-143 (93)
EDTA (iiquid) 2/6 6-17 (55) 4-3(1-5) 1582 (26)
Jelcot None 0/5 ND ND ND
Heparin {solid) 0/6 ND ND ND
Becion-Dickinsont  None 0/3 ND ND ND
Heparin {solid) 0 ND ND ND
EDTA (liquid) 0/3 ND’ ND ND
Na citrate (liquid) 072 ND ND ND

NDMA = N-Nitrcsodimethylamine

NMOR = N-Nitresomoipholine

NDEA = N-Nitscsodiethyizmine
ND = None deiecied

*Ranges include positive szmples only: vaiues in brackets are the means.

+Sz¢ footnote on p. 31.
+Only one of the six semples was pesitive.



Table 2. Niirosumines in (ommercial rubher

sioppers from cvacugied blood-colivction 1ubes

Tositive stoppers

Nitrarzmine levels (ppb)*

Munufacturer Additive (no.'no. tuhes tesied) NDMA NDEA NMOR

¥imble-Terumot  None 5/6 11-35¢23) £-25(16) 8543 (266)

Na citiate (liguid) K78 1498 (66) 14-67 (41) 102678 (220)

EDTA (liqund) 4/6 20- 91 (20} 1566 (27) 144367 (320)
Jelcot None 71 20137 168) 42 62 (53) 3£9-1302 (770)

Heparin (solid) i 40-147 (£9)  22-72 (41) 372-770 (514)
Becton-Dickinsont None 0/3 ND ND ND

Heparin (seiid) 04 ND ND ND

EDTA (liquid) 073 ND \D ND

Na citrate (liguid) 04 ND ND ND

K oaalate {sohid) 073 ND ND ND

Na fluoride (solid) 044 ND ND ND
Cérningt Scrum-integrated

{solid) 03 ND ND ND

NDMA = N-Nitrosodimethylamine

NMOR = N-Nitrcsomorphoiine

NDEA = N-Niirosodiethylamine
ND = None detected

*Ranges include positive samples only; values in brackets are the meens.

4See fooinoie on p. 31

ton-Dickinson or Corning stoppers contained detect-
able concentrations of nitrosamines.

« GLC-high resolution MS confirmed the presence of
NDMA, NDEA and NMOR in the tesied rubber
stoppers. Analyses were carried out op selecied lots of
specimen tubes that indicated the possibility that they
may contain large quantitizs of nitrosamines.

Because secondary amines are the most common
precursors of nitrosamines, analyses for DMA, DEA
and MOR were carried out. The amine and coire-
sponding nitresamine concentrations in a number of
sioppers and ‘coliection-tube centents are shown in
Table 3. Stoppers in the Kimble-Terumo and Jelco
products contained substantial concentrations of the
respective amines, ranging up 10 1429 ppm MOR. The

colution of sodium citrate in the Kimbie-Terumo tube
had low Jevels of DMA znd DEA, but 99 ppm MOR.
The licuid EDTA znticozgulant had 23 ppm MOR
and Jess than 1 ppm_ of the other amines. Not more
than 2 ppm of the amines was present in all other
tubes znalvsed. Rubbers stoppers in which appreci-
able levels of amines were found invariably also con-
tained nitroszmines.

Rubber sepiz uvsed in GLC ipjeciion ports were
examined to determine whether they too might con-
win nirosamines, even though the possibility of
sample contzmination from this source seemed slight.
Precut septa znd rubber sheeting used 1o make septa
were extracted for nitrosamines, and of five samples
iested, one contained 36 ppb NMOR.

Table 3. Conceniration of amines and corresponding nitrosarines in stoppers and tubes

DMA NDMA DEA NDEA MOR NMOR
Manufacturer  Additive Sample (ppm) (ppb) (ppm) (®pb) {ppm) (ppb)
Kimble- None Stopper’ 72 10 69 8 707 &5
Terumo® Contents 2 ND 2 -ND 3 ND
Na citrate (liquid) Stopper 44 82 82 16 1081 569
Conients 4 13 6 7 99 118
EDTA (liquid) Stopper 55 32 65 20 558 251
- Conients <1 14 <1 5 23 79
Jeico® None. Stopper 81 115 80 78 801 1015
Contents <1 ND <1 ND <1 ND
jeparin (solid) Stopper 67 102 78 55 1439 589
Conients <1 ND <] ND 2 ND
Becton- None Stopper <1 ND <1 ND <1 ND
Dickinson® . Conients <1 ND <1 ND <1 ND
EDTA (liquid) Stopper <1 ND <l ND <1 ND
Contents <1 ND <1 ND <1 ND
Na diraie (liquid)  Siopper <1 ND <1 ND <1 ND
Contents <1 ND <1 ND <1 ND

DMA = Dimethyizmine NDMA = N-Nitresodimethylamine DEA = Diethylamine
NMOR = N-Nitrosomoerphoiine

MOR = Morpholire
*See footnote oo p. 31.

NDEA = N-Nitresodiethylamine
ND = None deiecied



MSCUSSION

Some smines #nd nitresamines themselves are used
in the formulation 2nd curing of rubber. Aniline, sub-
stituted anilines and diphenyinitrosamines are used as
antionidunts, and dimcthylamine, N-{2.6-dimcthyl-
morpholine}2-benzothiszole and p-nivtosodiphenyl-
aminc are used as accelerators in the vulcanization of
rubber (Kirk & Othmer, 1953). These nitrogenous
compounds may be centaminated with nitroszmines,
or they may rcact with nitresating agents to form
additional nitrosemines.

The data gzthered in this study indicate that some,
but not all, rubber stoppers otizined from blood-col-
lection tubes corntain nitrosamines, and that these
compounds are readily Jeached into the liquids with
which they come inle contact.

The purpose of this communication is to alert other
investigators to the pessibility of accidentally intro-
ducing nitrcsamine contaminants into their $tudies
via products made of rubber. I is estential. therefore,
that all blood-collection tubes be surveyed for these
contaminants prior 1o use in studies on NItrosamines.
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