
during the CF tones. The two neurons 
strongly responded to simultaneous de- 
livery of two sounds corresponding to 
the second and third harmonics in the CF 
component of the orientation sound and 
Doppler-shifted echoes, but poorly re- 
sponded to each of them alone. One of 
them did not respond to noise bursts 
with broad bands. These two types of 
neurons, which responded better or se- 
lectively to a certain combination of two 
information-bearing elements in biologi- 
cally significant sounds, have, to the best 
of my knowledge, not yet been reported 
in any other animals (18). 

It is probably a common feature that 
amplitude spectra of acoustic signals, 
which would change with time, are repre- 
sented by spatiotemporal patterns of ac- 
tivities of cortical auditory neurons, but 
it should be noted that the auditory cor- 
tices contain the neurons that are special- 
ized for responding to a particular acous- 
tic signal frequently used by the animal. 
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17. Specialization of auditory neurons of Myotis lu- 
cifugus has been studied in terms of responses 
to the three basic types of acoustic signals used 
by various types of animals: CF tones, FM 
sounds, and noise bursts. In these studies CF-, 
FM-, and noise-specialized neurons have been 
found, each of which selectively responds to one 
of the above three types of signals. Such speci- 
ficity of the neurons to the signals does not 
change with stimulus level (it is level-tolerant) 
and the lack of response of these neurons to the 
other two types of signals is due to inhibition- 
that is, the "rejection mode" operating in the 
nervous system (10). These two things are the 
minimum requirements for neurons to be called 
specialized neurons or feature detectors. The 
term specialized neurons implies that the neu- 
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infection in rats. 

Species of Babesia parasitize a wide 
variety of mammals (1). Scattered cases 
of human infection have been reported 
(2), and the most recent outbreak in- 
volved seven patients on Nantucket Is- 
land (3, 4). Clinically, the disease is simi- 
lar to malaria; patients usually experi- 
ence headache, chills, fever, and myalgia 
(4, 5). Like other protozoa such as plas- 
modia, B. rodhaini causes numerous 
pathophysiologic alterations in the host, 
including a transient glomerulonephritis 
with glomerular deposits of immunoglob- 
ulin G (IgG) and the third component of 
complement (C3), hypocomplemente- 
mia, proteinuria, hepatosplenomegaly, 
severe anemia, and thrombocytopenia 
(6, 7). Babesiosis differs from human ma- 
laria in that the organism causing the 
former shows no evidence of sexual re- 
production (8), and primary infection in- 
duces complement depression which 
correlates linearly with the degree of 
parasitemia. In humans with relapsing 
malaria (caused by Plasmodium vivax), 
the cyclic paroxysmal release of para- 
sites is associated with a transient drop 
in complement levels; however, primary 
infection only occasionally shows this 
pattern (7, 9). 

Previous studies have demonstrated 
that rats maintained on a magnesium- 
deficient diet were afforded some degree 
of protection against B. rodhaini (10). 
Furthermore, rats were less susceptible 
to red cell parasitization after treatment 
with cobra venom factor, an agent 
known to cause inactivation of the com- 

infection in rats. 

Species of Babesia parasitize a wide 
variety of mammals (1). Scattered cases 
of human infection have been reported 
(2), and the most recent outbreak in- 
volved seven patients on Nantucket Is- 
land (3, 4). Clinically, the disease is simi- 
lar to malaria; patients usually experi- 
ence headache, chills, fever, and myalgia 
(4, 5). Like other protozoa such as plas- 
modia, B. rodhaini causes numerous 
pathophysiologic alterations in the host, 
including a transient glomerulonephritis 
with glomerular deposits of immunoglob- 
ulin G (IgG) and the third component of 
complement (C3), hypocomplemente- 
mia, proteinuria, hepatosplenomegaly, 
severe anemia, and thrombocytopenia 
(6, 7). Babesiosis differs from human ma- 
laria in that the organism causing the 
former shows no evidence of sexual re- 
production (8), and primary infection in- 
duces complement depression which 
correlates linearly with the degree of 
parasitemia. In humans with relapsing 
malaria (caused by Plasmodium vivax), 
the cyclic paroxysmal release of para- 
sites is associated with a transient drop 
in complement levels; however, primary 
infection only occasionally shows this 
pattern (7, 9). 

Previous studies have demonstrated 
that rats maintained on a magnesium- 
deficient diet were afforded some degree 
of protection against B. rodhaini (10). 
Furthermore, rats were less susceptible 
to red cell parasitization after treatment 
with cobra venom factor, an agent 
known to cause inactivation of the com- 

rons express the output of a neural circuit oper- 
ating as a filter. 

18. Neurons that selectively responded to a particu- 
lar type of communication sound have been 
found in primates [Z. Wollberg and J. D. New- 
man, Science 175, 212 (1972)]. However, it has 
not yet been clarified whether these neurons re- 
sponded only to a particular combination or 
combinations of components in their communi- 
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plement system. Sodium flufenemate, 
which irreversibly inactivates C3, also 
blocked development of the infection 
(11). Finally, mice deficient in both C3 
and the fifth (C5) component of com- 
plement failed to develop babesial infec- 
tions (11). The evidence suggested that 
an intact complement system was essen- 
tial for development of babesial para- 
sitemia. Using a newly developed sys- 
tem of babesial infection in vitro, we 
investigated the role of alternative path- 
way and terminal complement compo- 
nents in the development of the infec- 
tion. As will be demonstrated, pene- 
tration of human erythrocytes by the 
parasite requires the presence in serum 
of properdin, factor B, C3, C5, and mag- 
nesium ions. 

Complete removal of factor B of the 
alternative (properdin) complement 
pathway from 10 ml of fresh normal hu- 
man serum was accomplished by affinity 
column chromatography on 3 g of Seph- 
arose 4B (with activated CNBr; Pharma- 
cia Fine Chemicals, Uppsala) covalently 
linked to 8.5 mg of antibody to human 
factor B. The factor B antibodies were 
separated from 10 ml of whole rabbit se- 
rum containing specific antibody by af- 
finity column chromatography on 3 g of 
CNBr-activated Sepharose 4B con- 
taining 4 mg of purified factor B. Antise- 
rums had been prepared by a general im- 
munization regimen described elsewhere 
(12); the factor B antigen (C3 proactiva- 
tor) was purified as described previously 
(13). To prevent inadvertent immune ac- 
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Babesia rodhaini: Requirement of Complement for 

Penetration of Human Erythrocytes 

Abstract. A system has been developed in vitro in which human red cells, in the 
presence of fresh human (or rat) serum, are parasitized by the hemosporidian pioto- 
zoan Babesia rodhaini. The ability of B. rodhaini to penetrate red cells depends on 
factors of the alternative complement pathway (properdin and factor B) as well as 
ionic magnesium and the third (C3) and the fifth (C5) components of complement. 
These data indicate a novel mechanism by which a parasite is able to utilize the 
complement system. The data are in accord with and further amplify earlier observa- 
tions that demonstrated a requirement for complement in the development of babesial 
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tivation of the classical complement sys- 
tem, as well as nonspecific protein ad- 
sorption to the column matrix, appropri- 
ate volumes of saturated NaCl (room 
temperature) and 0.5M ethylenediamine- 
tetraacetate (EDTA), pH 7.6, were add- 
ed to ice-cold human serum to attain fi- 
nal concentrations of 0.3M NaCl and 
0.01M EDTA. After equilibration for 1 
hour at cold-room temperature, the se- 
rum was applied to the column con- 
taining the antibody to factor B, and was 
eluted with Veronal buffer containing 
NaCl (VBS) to a final ionic strength 0.3 
and 0.01M EDTA. The serum eluate 
(RB) was pooled, dialyzed twice against 
a 200-volume excess of VBS at 4?C, cen- 
trifuged at 20,000 rev/min for 30 minutes 
at 4?C, and stored frozen at -70?C in 
small portions. No factor B was detected 
in the RB preparation by the Laurell 
rocket technique which was conducted 
by appropriate modification (antibody 
concentration and field polarity) of the 
method described elsewhere (14) and by 
immunoelectrophoresis (15). As ex- 
pected, zymosan (5 mg/ml, 37?C, 45 min- 
utes) activation of the alternative path- 
way occurred only in factor B-recon- 

stituted RB. Classical complement com- 
ponents were unaffected by this proce- 
dure because essentially similar CH50 
values (where CH50 is the amount of 
complement that lyses 50 percent of a 
standardized number of sensitized red 
cells) were obtained in RB and in a 
sample of normal human serum treated 
similarly except for the omission of the 
affinity column step (pseudo RB). The 
RB and "pseudo RB" contained similar 
concentrations of properdin as assessed 
by the Laurell technique (14). 

Subsequent to saturation with human 
serum of the available insolubilized anti- 
body to factor B, the affinity column was 
washed thoroughly with buffer until the 
optical density (at 280 nm) stabilized at 
0.020. Phosphate buffer (pH 7.4, ionic 
strength 0.15), containing 3.5M KSCN 
effectively released factor B from the 
column (13). The protein was dialyzed 
four times against a 100-volume excess 
of VBS, centrifuged at 15,000 rev/min for 
30 minutes at 2? to 4?C and stored at 
-70?C. Approximately 4 mg of factor B 
were obtained from 25 ml of starting se- 
rum. The resulting affinity-purified factor 
B migrated with normal f3 mobility on 

Table 1. Results of various serum treatments on parasitization. Each incubation mixture con- 
tained human red cells and parasites. To these were added 100 /1 of fresh human serum, treated 
serum, or purified complement components. Three determinations (A, B, and C) were made in 
each experiment. 

Degree of parasitemia 
Incubation mixture (parasites per 1000 red cells)* 

A B C 

No serum 0 0 0 
Fresh normal human serum (100 gl) 100 84 107 
Treatment of serum: 

EGTA (0.008M) 80 74 
EDTA (0.O1M) 0 0 0 
Hydrazine (0.003M) 60 53 82 
Zymosan (3 mg/ml) 0 0 0 
C3 inactivator (cobra factor, 16 1l) 0 0 0 
KSCN (0. 1M) 0 0 0 
KBr (0. 1M) 30 24 10 

Heated serum 
56?C, 30 minutes 0 0 0 
Restored with C3 (1.2 mg/ml) 20 15 7 
Restored with C3 and C3 proactivator 100 110 70 

(factor B, 200 /g/ml) 
C3 only 0 0 0 
C3 and C3 proactivator 0 0 0 

Specifically deficient serums 
C3 deficient (PLD) 0 0 0 
C3 deficient, restored with C3 (1.2 mg/ml) 80 87 
Properdin deficient (RP) 0 0 
Properdin deficient, restored with properdin 93 80 

(25 ,ug/ml) 
Factor B-deficient serums 

Pseudo RB 97 90 
Factor B deficient (RB) 0 3 
Factor B deficient, restored with factor B 78 70 

(200 tig/ml) 
C5-deficient mouse serum (B10D2 "old line") 23 20 
C5-sufficient mouse serum (B10D2 "new line") 72 68 

*After 6 hours of incubation. 
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immunoelectrophoresis and it reconsti- 
tuted RB with respect to zymosan acti- 
vation of the alternative pathway as as- 
sessed by immunoelectrophoretic cleav- 
age of C3. Specifically, one part of factor 
B purified by ionic exchange column 
chromatography (13) was added to three 
parts of RB to obtain a final concentra- 
tion of 243 tzg/ml, and one part of affini- 
ty-purified factor B was added to two 
parts of RB to obtain a final concentra- 
tion of 134 ,ug/ml. The magnesium ion 
concentration was 7.5 x 10-4M. In- 
cubation with zymosan (5 mg/ml) at 37?C 
for 45 minutes resulted in cleavage of C3. 
The substitution of buffer for factor B re- 
sulted in the conversion of trace amounts 
of C3. 

Properdin and properdin-deficient se- 
rum (RP) were prepared as previously 
described (16). The RP contained < 8 
percent of normal properdin levels as 
determined by solid phase radioimmuno- 
assay. In each experiment the factor to 
be reconstituted (C3, factor B, or proper- 
din) was added to approximate physi- 
ologic concentrations in serum. Serums 
treated with KSCN or KBr were pre- 
pared as described earlier (17). The 
KSCN serum (deficient in C3, C4, and 
C5) showed no measurable hemolytic ac- 
tivity (CH50), while the KBr serum (rela- 
tively deficient in C3 and C4) showed 10 
percent of the hemolytic activity of con- 
trol normal human serum. Serum was 
rendered C4 deficient by treatment with 
0.003M hydrazine at 37?C for 60 minutes 
followed by exhaustive dialysis in the 
cold. Cobra venom factor (CoF) was pu- 
rified from crude venom (Naja naja) in a 
one-step procedure involving ion ex- 
change chromatography. The active 
fraction was concentrated such that one 
unit of CoF contained 0.0004 gug of pro- 
tein (18). 

To functionally inactivate the alterna- 
tive pathway, normal human serum was 
incubated (37?C, 5 minutes) with CoF (40 
jug/ml) or zymosan (3 mg/ml) prior to 
testing under assay conditions. Zymosan 
was removed by centrifugation at 4?C for 
30 minutes at 4000 rev/min. Control se- 
rum was handled identically, but without 
addition of CoF or zymosan. Where in- 
dicated, ethylene glycol bis(aminoethyl 
ether)-N, N'-tetraacetate (EGTA) or ED- 
TA was added to human serum as pre- 
viously described (19). Serum from a 
patient with partial lipodystrophy (PLD), 
an acquired C3 deficiency (20), was also 
used. This serum was devoid of whole 
hemolytic activity (CH50), and by immu- 
nochemical analysis contained < 100 /g 
of C3 per milliliter. Mouse serum 
deficient in C5 was obtained from the 
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BioD2 "old line" strain. Fresh heparin- 
ized (10 unit/ml) human red cells were 
obtained from healthy 0+ donors and 
washed twice in Veronal buffer (VB). 
Minimal essential medium was prepared 
as described (21) except that it was di- 
luted tenfold with VB, and stearic acid 
was omitted. Infected red cells in blood 
were collected by cardiac puncture from 
rats harboring parasitemias ranging be- 
tween 40 and 60 percent. The red cells 
were washed twice and resuspended to 
2 x 1010 cell/ml in VB. The cells were 
sonicated in a 40-ml glass tube by the 
Branson Sonicator at 70 watts for ap- 
proximately 40 seconds to obtain be- 
tween 75 and 80 percent hemolysis as de- 
termined spectrophotometrically. Re- 
leased parasites were then separated as 
previously described (22) and resus- 
pended in 1.5 ml of VB. To each well of a 
16-mm flat-bottom microtiter tissue cul- 
ture plate was added 50 ,l of fresh nor- 
mal human red cells (approximately 2 x 

108), 50 ,tl of minimal essential medium, 
100 ,ul of test serum, and 50 tl\ of the 
parasite suspension (containing approxi- 
mately 2 x 108 organisms). The mixtures 
(which were prepared in duplicate) were 
allowed to incubate with gentle rocking 
for 6 hours at 30?C in a 2 percent CO2 
atmosphere. At the end of the incubation 
period slides of each well were prepared 
in duplicate and coded, stained with 
Giemsa reagent, and counted for in- 
cidence of parasitemia (red cells con- 
tpining parasites). 

The results are presented in Table 1. 
Magnesium ions were required in serum 
for red cell parasitization. Chelation of 
Ca2+ and Mg2+ by EDTA completely 
blocked invasion of red cells, but EGTA, 
which preferentially chelated Ca2+ and 
not Mg2+, permitted parasitization. Para- 
sitization was impaired in C3-depleted 
serum (PLD, KSCN, or KBr serum). 
The PLD serum fortified with purified C3 
(1.2 mg/ml) permitted parasitization near 
control levels. The KBr serum (with 
measurable but low hemolytic activity) 
permitted low levels of parasitization, 
while KSCN-treated serum (with no 
measurable hemolytic activity) failed 
completely to sustain penetration of red 
cells by parasites. No attempt was made 
to reconstitute the inactivated com- 
plement components in these two se- 
rums. Hydrazine-treated serum showed 
diminished activity presumably because 
of partial inactivation of hydrazine-sensi- 
tive C3. Serum that had been heat 
treated (56?C, 30 minutes) to deplete fac- 
tor B did not permit parasitization; how- 
ever, upon reconstitution with factor B 
and C3 (but not with C3 alone), para- 
1 APRIL 1977 

sitization of red cells was restored. Pro- 
perdin-deficient and factor B-deficient 
serum (affinity chromatography) per- 
mitted parasitization of red cells only up- 
on restoration of the missing com- 
ponents. Mouse serum deficient in C5 
supported minimal invasion compared to 
C5-sufficient normal mouse serum. 

From the data it can be concluded that 
ionic magnesium, properdin, factor B, 
C3, and, to a lesser extent, C5 are re- 
quired for optimal parasitization of hu- 
man red cells by the babesial parasite. 
By substituting rat red cells and serum in 
the assay system in vitro, similar results 
to the human system have been ob- 
tained. Rat serums treated with KBr, 
KSCN, heat (56?C, 30 minutes), zymo- 
san, EDTA, and EGTA were also stud- 
ied. The results were comparable with 
those obtained when similarly treated 
human serum and red cells were em- 
ployed. 

The findings are consistent with earlier 
experiments in vivo which indicated that 
magnesium deficiency and treatment 
with CoF conferred protection against 
babesial infection (10, 11). The mecha- 
nism of entry by B. rodhaini into the red 
cell remains unclear, although it appar- 
ently differs from that observed for the 
parasitization of macrophages by Tiy- 
panosoma cruzi (23) or red cells by plas- 
modia (21). Analogous to the Duffy re- 
ceptor in malaria, a membrane com- 
ponent, perhaps the C3b receptor of the 
red cells, might be utilized by babesia to 
facilitate penetration into the red cell. It 
could be postulated that the babesial or- 
ganism is able to activate the alternative 
complement pathway resulting in the up- 
take onto the red cell of C3b and addi- 
tional complement components. One 
possibility is that this permits adherence 
of the babesial organism to the altered 
red cell through interaction of a C3b re- 
ceptor on the surface of the babesial 
parasite; alternatively, the red cell mem- 
brane could be modified by interaction 
with later complement components (C5 
to C9) such that the red cell is more sus- 
ceptible to penetration by the parasite. 

It is also possible that a babesial anti- 
gen is absorbed onto the surface of the 
red cell, and that this leads to interaction 
with antibody, fixation of complement, 
and alteration of the red cell membrane 
which permits penetration by the para- 
site. That some method of fixation of C3 
to the red cell membrane is important is 
suggested by the observation (24) that 
sheep cells conjugated with C3 
(EAC143), but not E, EA, EAC1, or 
EAC14, will permit penetration without 
exogenous complement under the in- 

cubation conditions described herein. It 
has already been shown by other investi- 
gators (25) that serum from rats acutely 
infected with B. rodhaini contains an an- 
tigen that fixes to the red cell membrane, 
causing anemia as well as reducing the 
time required for onset of parasitemia 
and increasing the severity of the para- 
sitemia. Unfortunately, serum com- 
plement levels were not measured in that 
study (25), but it is possible that the anti- 
gen is a product of the parasite and that it 
plays a role in the fixation of complement 
to the red cell membrane. 

Morphologically, the merozoites of 
Babesia rodhaini, Plasmodium berghei 
yoelii, and P. gallinaceum are similar (8, 
26). They bud similarly, have com- 
parable pellicles and, presumably, attach 
to red cells with similar orientation. It is 
possible that only limited consumption 
of the alternative pathway proteins oc- 
curs during the attachment, orientation, 
and interiorization phases of para- 
sitization. This is suggested in babesiosis 
because there is only slight depletion of 
alternative pathway activity (9) and the 
principle mechanism of the hypocomple- 
mentemia is depletion of the classical 
complement components Cl to C9 by 
immune complexes. Further work is 
needed to define the mechanism of at- 
tachment and interiorization. However, 
the demonstration of the requirement of 
complement (C3, C5, and the proteins of 
the alternative pathway) for successful 
parasitization of human red cells repre- 
sents a new and subtle utilization of the 
body's humoral "defenses" by the babe- 
sial parasite. 
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Cutting fluids are widely used to reduce 
the temperature of the metal-tool inter- 
face during metal cutting and grinding. 
The majority of cutting fluids used in the 
United States are synthetic; they contain 
up to 45 percent triethanolamine and 18 
percent sodium nitrite and have pH 
values in the range 9.0 to 11.0. Lijin- 
sky et al. (1) demonstrated that tri- 
ethanolamine could readily be nitrosat- 
ed to form N-nitrosodiethanolamine 
(NDE1A). Using a model system, Zing- 
mark and Rappe (2) recently showed that 
triethanolamine would be expected to 
undergo in vivo nitrosation under simu- 
lated gastric conditions. N-Nitrosodi- 
ethanolamine is of interest because it has 
been shown to produce liver tumors in 
rats (3). We report here on its presence in 
relatively larger amounts as an impurity 
in commercial cutting fluids. 

Cutting fluids were obtained com- 
mercially in the Boston area. Authentic 
NDE1A was prepared as described by 
Druckrey et al. (3). The identity of the 
compound was confirmed by chemical 
ionization mass spectrometry and elec- 
tron impact high-resolution mass spec- 
trometry. A high-pressure liquid chro- 
matograph-thermal energy analyzer 
(HPLC-TEA) was constructed from a 
high-pressure pump (Waters model 
6000A), an injector (Waters model U6K), 
a column (Waters), and a TEA detector 
(Thermo Electron model 502) (4, 5). 

Cutting fluid was chromatographed as 
purchased without any treatment on a ,/ 
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Porasil column (Waters), using as a 
solvent system 50 percent hexane and 50 
percent acetone at a flow rate of 2 ml/min. 
A peak eluting at the retention time of 
NDE1A was determined. Since no clean- 
up was used, the possibility of artifact 
formation was discounted. Because 
crude fluid rapidly degraded the column, 
routine analyses were carried out after 
first extracting with ethyl acetate in the 
presence of magnesium sulfate. The ex- 
tract was filtered through sodium sulfate 
and then injected onto the HPLC-TEA 
(6). The results are presented in Table 1. 

In order to confirm the identity of the 
peak eluting at the retention time of 
NDE1A, the compound was isolated (7) 
and studied by three independent tech- 
niques. 

1) High-pressure liquid chromatogra- 
phy. The isolated sample was injected on- 
to an HPLC-ultraviolet spectrometer or 
HPLC-TEA by using either a ,t Bond- 

Table 1. Concentration of N-nitro- 
sodiethanolamine in several brands of synthet- 
ic cutting fluids. 

Brand NDEIA (%) 

A 2.99 
B 1.04 
C 0.42 
D 0.25 
E 0.18 
F 0.06 
G 0.06 
H 0.02 
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apak NH2 or a , Porasil column (8). With 
both systems we always observed a mate- 
rial eluting at the same retention time as 
authentic NDE1A. 

2) Dehydration. The isolated sample, 
when dehydrated with concentrated sul- 
furic acid (96 percent) at 155?C for 2.5 
hours, yielded N-nitrosomorpholine as 
the dehydration product. N-Nitroso- 
morpholine was detected by combined 
gas chromatography and high-resolution 
mass spectroscopy (9). The isolated 
sample did not give an N-nitroso- 
morpholine peak before dehydration. 

3) Derivative formation. The 0-meth- 
yl ether derivative of the isolated sample 
was prepared by methylation with methyl 
iodide, with sodium hydride as a catalyst 
(10). The methylated sample was distilled 
and the distillate extracted with meth- 
ylene chloride. The concentrated extract 
was then introduced into a gas chromato- 
graph fitted with a Coulson electrolytic 
conductivity detector in the nitrogen 
mode (11). The presence of the NDE1A 
derivative in the isolated sample was con- 
firmed when the retention time was com- 
pared with that of the 0-methyl ether de- 
rivative of authentic NDE1A. 

The cutting fluids that we tested repre- 
sent only a small fraction of the total num- 
ber of commercial brands that are avail- 
able. On the basis of results reported 
here, we expect that most cutting fluids 
that contain triethanolamine or dietha- 
nolamine and nitrite as additives will be 
contaminated with NDE1A. To assess the 
magnitude of the problem, we recom- 
mend screening all brands of synthetic 
cutting fluids. 

The N-nitrosamine content of cutting 
fluids is about 40 times higher than the 
nitrosamine contamination in some herbi- 
cides (12) and 107 times higher than that 
found in foodstuffs preserved with ni- 
trites (13). Persons who use cutting fluids 
could well be exposed to nitrosamine. 
Even though the fluids are diluted 10 to 
100 times before use, the amount of the 
nitrosamine present is such that it may 
pose a carcinogenic hazard to all users. 

In the past 30 years, cutting oils have 
been frequently cited as related to cancer 
of the scrotum among machine operators 
(14, 15). Several cutting oils were found 
to be carcinogenic to laboratory animals 
(15, 16), and compounds such as polycy- 
clic aromatic hydrocarbons and hetero- 
cyclic compounds were believed to be the 
carcinogens (17). Over the past 20 to 30 
years, synthetic formulations have re- 
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carcinogens (17). Over the past 20 to 30 
years, synthetic formulations have re- 
placed the original mineral oils. Almost 
all of the "cutting oils" used today are of 
the synthetic variety. The synthetic cut- 
ting fluids described here have been in 
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N-Nitrosodiethanolamine in Synthetic Cutting Fluids: 

A Part-Per-Hundred Impurity 

Abstract. N-nitrosodiethanolamine has been found to be present at a concentration 

of 0.02 to 3 percent in several brands of synthetic cutting fluids. Its identity was 
confirmed by three independent techniques: (i) by measuring the retention times on 
two different high-performance liquid-chromatography columns, (ii) by dehydration 
to N-nitrosomorpholine, and (iii) by preparation of the 0-methyl ether derivative. 
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