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A. Prin ci ple

Vol a tile N-nitrosamines are ex tracted from chopped la tex pac i fier
nip ples with CH2Cl2. Ex tract is con cen trated and sub jected to high
tem per a ture purge and trap. N-nitrosamines are eluted from trap and
de ter mined by GC with ther mal en ergy anal y sis.

B. Re agents

Use all glass-distilled sol vents (Burdick & Jack son Lab o ra tories,
Inc., or equiv a lent).

(a) N-Nitrosamine stock stan dard so lu tions.—(1) Ex ter nal

s tandard s tock  so  lu  t ion .—10 mg/mL each  of  NDMA
(N-nitrosodimethylamine), NDEA (N-nitrosodiethylamine),
N D PA  ( N - n i  t r o - s o d i p r o p y l a m i n e ) ,  N D B A
(N-nitrosodibutylamine), NPIP (N-ni trosopiperidine), NPYR
(N-nitrosopyrrolidine), and NMOR (N-nitrosomorpholine) in
al co hol.

(Cau tion: Vol a tile N-nitrosamines pose an ex treme health haz ard. 
Carry out all ma nip u la tions in volv ing han dling neat liq uids or
so lu tions in ad e quately ven ti lated and fil tered fume hood or glove
box.)

(b) Min eral oil.—White, light weight with Saybolt vis cos ity
125/135 (No. 6358, Mallinckrodt Chem i cal Works or equiv a lent).

(c) Nitrosation in hib i tor.—10 mg a-tocopherol/mL min eral oil.

( d )  K e e p e r  s o  l u  t i o n s . — ( 1 )  F o r  K u d e r n a - D a n i s h
evap o ra tion.—80 mg min eral oi l/mL CH2Cl2 .  (2)  For
ThermoSorb/N evap o ra tion.—20 mg min eral oil/mL isooctane.

C. Ap pa ra tus

(a) ThermoSorb/N™ car tridges.—Use as re ceived for
quan ti ta tive trap ping of vol a tile N-nitrosamines (Thermedics
Detection, Inc., 220 Mill Rd, Chelmsford, MA 01824, USA).

(b) Vari able tem per a ture oil bath.—Ther mo statically

con trolled, ca pa ble of op er at ing at 150° ± 3°C and of mov ing
ver ti cally with aid of lab o ra tory jack.

(c) Soxh let ex trac tion ap pa ra tus.—(Kimble Glass, Inc.) Suit able 

for an ex trac tion thim ble, 25 ́  85 mm, boro sili cate glass, fit ted with
coarse po ros ity frit.

(d) Kuderna–Danish (K-D) evap o ra tive con cen tra tor.—(Kontes 
Glass Co.) 3-ball Snyder col umn with 24/40 stan dard taper joints,
250 mL flask with 24/40 stan dard taper joint and 19/22
stan dard-taper lower joint, and 4 mL grad u ated con cen tra tor tube
with 19/22 stan dard taper joint.

(e) Gas chromatograph.—Agilent Tech nol ogies (Di vi sion of
Hewlett Packard, 2850 Centerville Rd, Wilmington, DE 19808,

USA) 6890, or equiv a lent, equipped with 1.8 m ´ 4 mm id glass
col umn packed with 10% Carbowax 20M/2% KOH on
80–100 mesh Chromosorb WAW (Supelco). Con di tion col umn
over night at 215°C. Op er ate at tem per a ture pro gram mode from

150° to 190°C at 4°C/min. In jec tion port tem per a ture 250°C. Car rier 
gas prepurified argon at flow rate 40 mL/min. In ter face GC
ap pa ra tus to ther mal en ergy an a lyzer, (f), via 3 mm od stain less steel
tube con nected with Swagelok fit tings and heated to 170°C.

(f) Ther mal en ergy an a lyzer.—Model 502, Thermo Elec tron
Corp. (81 Wyman St, Waltham, MA 02454, USA), or equiv a lent.
Op er ate py rol y sis cham ber at 500°C in GC mode. Oxygen flow to
ozonator, 10 mL/min. Keep cold trap at –150°C us ing liq uid
nitrogen/2-methylbutane slush bath. Pres sure of re ac tion cham ber,
ca 0.9 torr. Re cord TEA de tec tor re sponse on Hewlett Packard 3380
(re placed by HP-5890 series II) in te gra tor or equiv a lent.

(g) Purge and trap ap pa ra tus.—Fig ure 986.01A con tains
fol low ing parts: (1) Argon gas cyl in der and gauge (Air Prod ucts
Spe cialty Gas, Tamaqua, PA 18252, USA); (2) me ter ing valve; (3)
purge gas man i fold, 4-position; (4) Nalgene nee dle valve type CPE
(No. 6400-0125, Nalge Co., 75 Pan orama Creek Dr, PO Box 20365,
Roch es ter, NY 14602, USA); (5) 18/7 glass-glass outer joints with
pinch clamps (No. 772398, The Wheaton Agency, A Di vi sion of
Wheaton In dus tries, 1000 N. Tenth St, Millville, NJ 08332, USA);
(6) impingers, 50 mL grad u ated glass tubes with 24/40 stan dard
taper clearseal, grease-free joints 18/7 glass-glass ball joints, and
1 mm id noz zle ca 5 mm above bot tom of impinger (No. 753463,
Wheaton Sci en tific); (7) vari able scale flow-meter, cal i brated for
purge rate in mL argon/min (No. 7083, Alltech As so ci ates, Inc.).
Bub ble me ter for mea sur ing gas flow rates for GC may be
sub sti tuted. (Note: Do not use rub ber tub ing, gas kets, O-rings, or
other items made of rub ber in any part of this method.)

D. De scrip tion and Use of Purge and Trap Ap pa ra tus

Ap pa ra tus shown in Fig ure 986.01A is de signed for high
tem per a ture purg ing and trap ping of 7 vol a tile N-nitrosamines from
con cen trated test portion ex tract/min eral oil mix ture on 4 test
portions si mul ta neously. Cyl in der con tain ing high pu rity argon gas
equipped with high pres sure reg u la tor is used to sup ply 20 psig to
flow-metering valve which  reg u lates fi nal purge flow through
extracts. Gas stream is di verted into tu bu lar stain less steel man i fold,

250 ´ 20  mm od, con tain ing 4 exit tubes spaced 50 mm apart and

mea sur ing 40 ´ 10 mm od. Each of these tubes is cou pled us ing
1.0 cm Tygon tub ing to Nalgene nee dle valves which serve dual
pur poses: as shut off valve when less than 4 test extracts are
an a lyzed; and for mak ing mi nor ad just ments in purge rate due to
slight dif fer ences in flow char ac ter is tics of impinger and car tridges.
An 18/7 glass-glass outer spher i cal joint is at tached to Nalgene
valve to per mit quick gas-tight con nec tion to 18/7  glass-glass ball
joint on impinger in let, us ing ap pro pri ate pinch clamp.
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Fig ure 986.01A. Di a gram of purge and trap ap pa ra tus
equipped with 4 impinger tubes.
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As shown in Fig ure 986.01B, as sem ble impingers by in sert ing
glass noz zle (1 mm id or i fice) into test extract mix ture and cou pling
24/40 stan dard taper grease-free male and fe male joints to gether to
form leak-free seal. Once sealed, allow argon gas to purge through
test extract mix ture and through out let tube of impinger (see
Fig ure 986.01B). Use Tygon tub ing to con nect impinger out let tube
to in let side marked “AIR IN” of car tridge, which is stan dard male
Luer con nec tor. Collect purged vol a tile N-nitrosamines on
sorbent con tained in car tridge from Ar ef flu ent ex it ing fe male
Luer con nec tor. Flow rate of argon is mea sured di rectly from
car tridge with vari able scale flow me ter previously cal i brated
for flow rate of argon gas (mL/min). Control tem per a ture of
test sam ple mix ture dur ing purge by im mers ing impinger up to
test extract vol ume mark (ca 25 mL line) in ther mo stat i cally
con trolled oil bath. Secure gas man i fold and impingers by
clamps to a sup port grid and move oil bath ver ti cally into and
out of po si tion.

E. Ex trac tion and Cleanup of Pac i fier Sam ples

(Cau tion: Perform en tire pro ce dure in a fume hood. Methylene
chloride is a suspected carcinogen. Use extreme caution to avoid
exposure.)

Ac cu rately weigh 5 g of each chopped test sam ple into 250 mL
round-bottom flask and add 100 mL CH2Cl2. Di lute in ter nal
stan dard stock so lu tion to 50 ng/mL with CH2Cl2 and spike con tents
of flask with 2.0 mL di luted stan dard. Seal flask with glass stop per

and let con tents stand over night (16–21 h) at 18°–25°C.
Care fully trans fer ex tract and rub ber pieces to glass ex trac tion

thim ble fit ted with coarse po ros ity glass frit in Soxh let ex trac tion

ap pa ra tus. Rinse test sam ple flask with 25 mL CH2Cl2 and trans fer
rinse to Soxh let ap pa ra tus. Ex tract rub ber pieces for 1 h in ap pa ra tus
at rate of ca 8 cycles/h.

Let cool and trans fer CH2Cl2 ex tract to 250 mL K–D evap o ra tor.
Rinse ex trac tion flask with two 10 mL por tions of CH2Cl2 and add
rinses to evap o ra tor. Add 1 mL keeper so lu tion 1 and 2 or 3 boil ing
chips to ex tract. Evap o rate ex tract in K–D unit, C(d), with 55°C
wa ter bath un til vol ume is re duced to 3–4 mL.

Let K–D unit cool to room tem per a ture, al low ing ex cess sol vent
in Snyder col umn to rinse down walls of unit into 4 mL K–D tube
(ex tract vol ume ca 3–4 mL). Re move 250 mL res er voir and col umn.
Re duce vol ume of ex tract to 2 mL in same K-D tube un der gen tle
stream of nitrogen (ca 50 mL/min). Trans fer 2 mL ex tract (us ing
dis pos able Pas teur pipet) and two 1 mL min eral oil rinses to the
50 mL purge and trap ap pa ra tus con tain ing 20 mL min eral oil as
nitrosation in hib i tor.

Con nect car tridges to purge and trap exit tubes with Tygon tub ing

and ad just argon flow rate to 400 mL/min ± 5% through car tridge.
Flow rate must be main tained at 400 mL/min dur ing ini tial in crease
in tem per a ture of test extract. Im merse purge tubes (up to liquid line) 

or to 25 mL mark in 150° ± 3°C oil bath for 1.5 h. Re move car tridge
and tightly cap. (Note: Car tridge can be eluted on the fol low ing day.)

Elute car tridge us ing 20 mL glass Luer-Lok sy ringe con nected to
fe male Luer adapter (air exit side) with 20 mL ac e tone–CH2Cl2

(1 + 1, v/v). Col lect eluate in 30 mL cul ture tube. (Note: 30 mL
tube(s) should be marked with file or tape placed at ca 5 mL vol ume
mark).

Evap o rate ex tract to ca 5 mL and then trans fer (with three 1 mL
rinses of CH2Cl2) to 10 mL grad u ated tube. Add 0.5 mL keeper
so lu tion 2. Evap o rate sam ple to 2 mL un der gen tle stream of
nitrogen. (Note: If 2 mL test extract can not be an a lyzed fol low ing
evap o ra tion, re frig er ate test extract at 4–5 mL vol ume and fin ish
evap o ra tion the next day be fore anal y sis by GC-TEA.)

Test extract vol umes of 8 mL are in jected into GC-TEA.

F. Quantitation

Use in ter nal stan dard tech nique. Di lute stock ex ter nal stan dard
so lu tion with CH2Cl2 to 50, 100, and 200 ng/mL to be used as

work ing stan dards for anal y sis. In ject 8 mL into GC-TEA to
de ter mine re sponses (peak heights) of NDPA and other nitrosamines 

for use in in ter nal stan dard iza tion cal cu la tion. In ject 8 mL of each
2 mL test ex tract into GC-TEA. De ter mine re sponses (peak heights)
of NDPA and any other N-nitrosamines de tected for use in in ter nal
stan dard iza tion cal cu la tion. Calculate re sults as fol lows:

ppb N-Nitrosamine X = 
PH   F   W

PH   F   g test portion
x x NDPA

NDPA NDPA

´ ´

´ ´

where PHx = peak height in mm of N-nitrosamine X in extract; Fx =
ng N-nitrosamine X/mL in ex ter nal stan dard so lu tion di vided by
peak height in mm of N-nitrosamine X in ex ter nal stan dard so lu tion;
WNDPA = to tal ng NDPA (in ter nal stan dard) added to test extract;
PHNDPA = peak height in mm of NDPA (in ter nal stan dard) in test
extract; FNDPA = ng NDPA/mL in ex ter nal stan dard so lu tion di vided
by peak height in mm of NDPA in ex ter nal stan dard so lu tion; g test
portion = g rub ber test portion an a lyzed.

Ref er ence: JAOAC 69, 504(1986).
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Fig ure 986.01B. Close-up di a gram of impinger tube
fit ted with ThermoSorb/N car tridge.
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