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Extract 

Gas chromatographic-mass spectrometric analysis of profiles of 
low molecular weight volatile organic constituents obtained from 
cord blood and maternal blood samples collected at birth reflect 
transplacentally acquired compounds. The transplacental passage of 
halogenated hydrocarbons, plastic components, and abnormal accu- 
mulations of compounds have been demonstrated. I n  the 11 paired 
cord blood-maternal blood samples analyzed, the relative amounts 

of constituents in cord blood closely correspond to those quantities 
present in the maternal blood. However, some of the over 100 
components are present in the cord blood in significantly higher 
concentrations than in the maternal blood, suggesting a possible 
selective one-way transfer of certain constituents into the fetus. 
Benzene, carbon tetrachloride, and chloroform are present in 
quantities equal to or greater than in maternal blood. I n  one infant 
with a iumbosacral meningomyelocele abnormally high concentra- 
tions of acetone, other components, and the food preservative 
2,6-di-terr-butyl-4-methylphenol ( B H T )  were identified. 
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Speculation 

The relationship and significance of halogenated hydrocarbons, 
plastic components, and abnormal accumulations of compounds as 
they apply to appropriate intrauterine growth and development, 
propensity for developing cancer later in life, and well being are 
unknown. Similar techniques may be useful in monitoring the 
therapy of certain metabolic diseases as well as in elucidating the 
pathogenesis of clinical abnormalities noted in infants born to 
mothers with metabolic aberrations. 

Recent analytic advances in gas chromatography and mass 
spectrometry have allowed the application of these techniques to 
the study of complex biologic mixtures. Research efforts using 
these techniques to  study and elucidate certain disease states in 
the human have been limited and frequently publicized among 
audiences interested primarily in the analytic methods used. 

The clinical value of metabolic profiling and early disease 

detection has been achieved mostly through the efforts of Horning 
and Horning (12). Jellum er al. (16), Robinson el al. (22). and 
Markey et al. (18). Problems involving a dysfunction in a 
particular metabolic step, thus leading to  an accumulation in the 
excretion of certain products, lend themselves well to study by gas 
chromatographic-mass speetromctric (GC-MS)  analyses. Using 
several extraction, fractionation, concentration, and derivatization 
procedures, extracts from urine have been used for analysis by 
GC-MS.  Work of this type has been successful in establishing 
normal metabolic profiles and in detecting variations in these 
profiles associated with certain errors in metabolism. Hartnup's 
disease, maple syrup urine disease, isovaleric acidemia, and 
Refsum's disease are examples of the over 40 errors in metabolism 
which can be detected and diagnosed using these techniques (16). 

Although valuable medical information has been obtained by 
previous researchers. it appears that the extraction, fractionation, 
concentration, and derivatization procedures used before their 
GC-MS analyses were rather cumbersome and did not lend 
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Fig. I. Comparison of chromatographic profile obtained from 10-ml maternal blood samples collected before delivery for L55-193037 (upper trace); 
L50-413348 (second trace); L73-326216 (third trace); and a glassware, 50-ml artesian water aliquot, and chromatographic system background (lower 
trace). Chromatographic conditions are described in the text. 
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themselves well as a method of routine clinical laboratory analysis. 
In this study, a simpler, less time-consuming method is used to 
obtain extracts suitable for GC-MS analysis from cord blood and 
maternal blood samples. This technique has been used previously 
to identify halogenated compounds in blood, tissues, and water 
samples (7, 8, 21) and to monitor the efficiency of hernodialysis (9). 

In neonates, investigators have demonstrated the transplacental 
passage of antiepileptic drugs, aspirin, and maternal analgesics (2, 
11, 19, 20). Their presence in breast milk has also been reported 
(14). Chemicals may be present in the body fluids of a gravid 
female a s  a result of ingestion of medications, environmental 
exposure, including air, food, and water, or as a reflection of her 

own imbalance of metabolism such as in diabetes mellitus. 
Developmental changes in the embryo and fetus have been associ- 
ated with maternal ingestion of folic acid antagonist, adrenal cor- 
tical steroids (3), and antiepileptic drugs (13). 

Recent studies have identified organic compounds with molecu- 
lar weights below 250, including halogenated hydrocarbons, in the 
drinking water of a large metropolitan area (8). Plasma levels of a 
selected portion of the population of this area were reflective of 
these compounds, suggesting a possible source for their environ- 
mental origin (8). Additionally, the presence of phthalates in neo- 
natal tissues has also been reported by exposure of the neonate 
to plastic catheters (10). 
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Fig. 2. Compar l~on  of chromatographlc profile ohtained from I0 ml m a t ~ r n ~ l  hlood (upper imce); I0 ml cord blood (mrddle t r ~ c e )  from L55-10037; 
and a glassware, 50-ml arteslan water a l~quot ,  and chromatograph~c system background (lower trace). 

Gas chromatography 
peak no. Compound identification 

2 Acetone 
7 Dichloromethane 

16 Chloroform 
21 Benzene and carbon tetrachloride 
22  Pentan-2-one 
50  Ethyl benzene 
52  Xylene 
5 7 Styrene 
73 Trimethyl benzene 
79 Dichlorobenzene and dimethyl ethyl benzene 
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The purpose of this study is to report the presence of trans- weight was 3,057 g (range 2,495-3,289 g). The I -  and 5-min Apgar 
placentally acquired compounds, including plastic components scores in all patients were 1 7 .  Physical examination at  birth was 
and halogenated hydrocarbons, which have been detected in cord normal except for infant L54-140675 who was noted to have a l u m -  
blood and maternal blood samples, using gas chromatography- bosacral meningomelocele. All infants were appropriately grown 
mass spectrometry. for 38-42 weeks of gestation. 

METHODS AND MATERIALS ANALYTIC METHODS FOR SAMPLE ANALYSIS 

COLLECTION AND STORAGE OF SAMPLES 

Gravid women patients at term were admitted to the delivery 
unit of Charity Hospital in New Orleans. The prenatal history of 
each patient was normal. All deliveries were vaginal; regional 
anesthesia was used in all patients with the use of nitrous oxide 
anesthesia in three patients. The range of placental weight was 
460-950 g. Five percent dextrose in water was given to each 
mother intravenously upon admission to the delivery unit. Two 
10-ml Vacutainers of maternal blood were also collected either 
before or  immediately after delivery and were stored at  4'. Cord 
blood samples were collected at  delivery in Vacutainers contain- 
ing EDTA from Becton-Dickinson, Rutherford, N. J. and stored 
a t  4" until analyses were performed. Eleven paired cord blood- 
maternal blood samples were collected. The mean infant birth 

The following procedure for sample analysis was performed for 
each cord blood and each maternal sample. Ten-milliliter blood 
samples were diluted with 50 ml artesian water (which had been 
tested chromatographically before addition to the blood and found 
to be virtually free of any volatile organics). Volatile organics 
contained in the blood sample were thermally removed by a stream 
of ultrapure helium. Stirring of this solution by a magnetic stir bar 
aided in displacement of these organics from solution. A condensor 
was used to  remove excess water vapor. From the condensor the 
volatile organics were passed over I g Tenax, a solid absorbent 
(25). contained in a reservoir provided with a fritted disc base to 
allow exit of the gas stream. The round bottomed flask containing 
the blood sample, the side arm gas inlet tube. condensor, and 
collection reservoir were all connected by either glass joints or ball 
and socket joints to form a leak-proof system. The manner in 
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Fis. 3. Chromatogram of 10 ml maternal blood (upper /race) collected after delivery from L54-162341, and a glassware, 50-ml artesian water aliquot, 
and chromatographic system background (lower trace). 

MATERNAL BLOOD 
( I O m l  

Gas chromatography 
peak no. Compound identification 

Acetone 
Dichloromelhane and isobutnnol 
Methyl ethyl ketone 
Methyl cyclopentane 
Chloroform 
I, I-Dichloro- I-nitroethane 
Benzene and cyclohexane 
Pentan-2-one 
Methyl isobutyl ketone 
Dimethyl disulfide 
Toluene 
Ethyl benzene 
Xylene 
Xylene 
Styrene 
y-Heptalactone (tentative) 
Benzaldehyde 
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which the organics were collected involved no solvent extractions 
or  clean-up procedures, thereby reducing the possibility of contam- 
ination from solvents, column packings, or error in handling. 
Because the compounds extracted were absorbed on a polymer, a 
modified form of injection into the gas chromatograph, instead of 
the conventional syringe injection, was used. The Tenax absorbent 
containing the absorbed organics was transferred to  a silylated 
glass injection port liner (10 mm in outside diameter. 9.2 cm in 
length), and each end was plugged with silylated glass wool. 
Additional details are published elsewhere (7). 

The reason for pretreatment of the glass by silylation is t o  
replace the free hydrogens on hydroxyl groups located on the glass 
surface with unreactive trimethyl silyl groups, Si(CH,),. These 
glass liners containing the organics absorbed on the polymer were 
placed into the injection port (maintained at  200") of a gas 
chromatograph (Hewlett-Packard 5750) which had been modified 
to accommodate liners of these dimensions. The volatiles were thus 
thermally desorbed from the polymer and transferred by means of 
a helium stream, which swept the injection port, onto a precolumn 
(1.5 m by 0.05 cm)  coated with 10% G E  SF-96 and 1 % lgepal CO 
880 stationary phases from Applied Science Laboratories. Sepa- 
ration of the organic components was achieved on this chromato- 
graphic capillary column by programming from ambient to 170" 
a t  ZO/min after a 10-min postinjection hold. Components were de- 
tected using a flame ionization detector which was held a t  300". 
The gas chromatographic effluent was vented through a heated 
transfer line (200") into the mass spectrometer (DuPont 21-491) 
by a jet-type separator. Spectra were obtained using a 70-eV ioni- 
zation voltage. Spectral data  was processed by a PDP-12 LDP 
computer (26). Spectra thus obtained were identified by compari- 
son with published spectra ( I .  23). 

All glassware used for analysis was thoroughly cleaned and 
baked for several hours at 165". The procedural blanks which 

represent the bottom-most trace in all of the chromatographic 
figures represent the volatiles that were contributed by the 
glassware, helium gas, and a 50-1111 aliquot of the artesian water 8 

used to dilute the blood sample. The contribution from these 
sources was negligible. 

RESULTS AND DlSCUSSlON 

Blood samples collected before delivery from gravid females at  
term show similar chromatographic profiles of the volatile constit- 
uents (Fig. I). N o  marked differences in the chromatographic 
profiles of any of the I I individuals studies were detected. Minor 
variations in the region of the earlier eluting, more volatile 
components were present; however, the consistency in all maternal 
profiles is adequate to establish a pattern characteristic of healthy, 
gravid females. 

A comparison of volatile components in maternal and cord 
blood of one motherlinfant pair is illustrated in Figure 2. In all 
patients. the cord blood closely corresponds to those quantities 
present in the maternal blood. However, some of the components 
are present in the cord blood in significantly higher concentrations 
than in the maternal blood, suggesting a possible selective, 
one-way transfer of certain constituents into the fetus. Identifica- 
tion of some of the components in the blood samples was achieved 
by combined gas chromatographic-mass spectrometric analyses, 
and a listing of those components thus identified with their 
corresponding chromatographic peak numbers can be found in the I 
legend to Figure 2. Identification of only a fraction of the over 100 
components has been achieved thus far. 

Although some of the compounds identified in the normal 
subjects discussed above have been identified previously in urine 
specimens from patients with diabetes mellitus and in blood 
samples from hemodialysis patients. we are unaware of previous I 
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Fig. 4. Comparison of chromatographic profile obtained from 10 ml cord blood (upper trace); 10 ml maternal blood (middle [race) from L54-140675; 
and a glassware, 50-ml artesian water aliquot, and chromatographic system background (lower trace). 
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reports of the transplacental passage of such halogenated hydro- 
carbons, plastic components, and food preservatives. Benzene, 
carbon tetrachloride, and chloroform are present in quantities 
equal to or  greater than those in maternal blood. These volatile 
compounds have been associated with liver toxicity (17) and 
carcinogenesis (15). Although their toxicity has been demonstrated 
primarily in laboratory animals, their toxicity in humans is 
suspect. Xylene and styrene are plastic components with unknown 
toxicity. Tissue toxicity and teratogenetic effects for rapidly 
growing cells from di-(2-ethyhexy1)phthalate ( D E H P )  have been a 
major area of concern (5). DEHP,  a commonly used plasticizer, 
has  been reported to  be present in neonatal tissues after umbilical 
catheter placement and is found in high levels in infants dying with 
necrotizing enterocolitis (6). 

In some cases maternal blood samples were collected immedi- 
ately after delivery. A chromatogram of the profile obtained from 
one of the maternal blood samples collected after delivery is 
illustrated in Figure 3. The identification of the corresponding 
chromatographic peak numbers can be found in the legend to  
Figure 3. It is of interest to note that the concentrations of certain 
components, such as benzene and styrene, which are commonly 
associated with plastics, are enhanced in the blood samples 
collected from women after delivery. Perhaps this is related to the 
plastic infusion tubing used to deliver the infusion fluids to  the 
mother while in labor. This is consistent with the findings of others 
who demonstrated the leaching of plasticizers into blood stored in 
plastic bags (24). 

The profiles obtained for various individuals collected after 
delivery exhibited more variations between individuals than those 
profiles from the maternal blood samples collected before delivery, 
which were in good agreement. Therefore, for comparative 
purposes, collection of blood before delivery is probably more 
desirable. 

In our profiling of maternal and cord blood samples, a normal 
healthy mother with a volatile blood profile consistent with those 
characteristics of healthy females gave birth to an infant with a 
lumbosacral meningomyelocoele (Fig. 4).  The chromatogram of 
the cord blood of this infant shows certain inconsistencies as 
compared with profiles of healthy infants. Abnormally high con- 
centrations of acetone and other components are present in this 
cord blodd specimen. In addition, BHT was identified. BHT. a 
food preservative with antioxidant properties, has been associated 
with renal. liver, and thyroid toxicity in laboratory animals (4). 

SUMMARY 

Gas  chromatographic-mass spectrometric analyses of profiles of 
low molecular weight volatile organic constituents obtained from 
cord blood and maternal blood samples reflect transplacentally 
acquired compounds. The presence of halogenated hydrocarbons, 
plastic components, food preservatives, and abnormal accumula- 
tions of such compounds has been clearly demonstrated in fetal 
cord blood for the first time. 
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