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Concentration and Its Correlation of Various Macronutrients and

Trace Elements in Maternal and Umbilical Cord Blood and Placenta
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FEnvironmental Health Sciences Division, the National Institute

for Environmental Studies

To clarify the metabolism of macronutrients and trace elements in the process
of pregnancy through ‘delivery, specimens of the maternal and umbilical cord blood
and placenta were provided from 21 healthy pregnant women at the time of delivery
and various elements in the red blood cells (RBCs) and plasma of the above blood
specimens and in the placenta were determined by ICP and AAS.

Principal findings are as follows:

(1) Elements, such as Ca, Mg and Sr, those are relevant to bone metabolism showed
a statistically significant positive relationship in terms of their éoncentrations between
the maternal plasma, the umbilical cord plasma and the placenta. Further, consider-
ably high levels of Ca and Sr observed in some of the placental specimens, suggest the
possibility of calcification in the tissue.

(2) Levels of Cu in the maternal plasma and of Zn in the umbilical cord plasma
were higher than those in the umbilical cord p]a_sma and in the maternal plasma,

respectively. Levels of Cu in the umbilical cord RBCs and of Zn in the maternal
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RBCs were higher than those in the maternal RBCs and in the umbilical cord RBCs,
respectively. These results suggest that the levels of Cu and Zn in the maternal and
umbilical cord blood rhay reflect the concentrations of spécifié proteins that bind
each of these metals.

(3) The levels of Mn, Cr and Pb showed statistically significant correlation with
those of Zn, Sr, Ca, Mg and P in the placenta, suggesting the presence of the relation-

ships in terms of the metabolism of the macronutrients and trace elements.
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Table 1.. Hematocrit value and plasma protein concentration in maternal and umbilical

cord blood
" ltems Maternal blood Umbilical cord blood Pairet-dtzginple
No. 21 21
Hemat?qcor)it value 401 + 2. 476 + 6.6 p < 0.001
Plasma(gor)otein 75406 5.6 0.6 p <0.001

Table 2. Multielement concentration in maternal and umbilical cord blood'plasma

Maternal plasma Umbilical cord plasma )
Mear/?rithmetiSC.D CV. Ge&rgae;ric Me:ﬁ}rithmetic‘ Cv. Ge&?:;ric Palriflt:zsatmple
1 Na | 3106. 127. 4.1 3104. 3110. 121. 3.9 3107.. NS
2K 150. 19. 12.7 149. 220. 39. 17.7 216. p < 0.001
3 Ca 97.5 20.3 20.9 95.5 114. 27. 23.7 111. p <0.001
4 Mg 17.1 3.5 20.5 16.8 18.7 4.8 25.7 18.2 p < 0.01
5 Sr 0.138 0.191 138.4 0.056 0.163 0.264 162.0 0.050 NS
6P 148. 19. 12.8  147. 86.2 11.7 13.6 85.4 p < 0.001
7 Te 1.54 0.62 40.3 1.39 2.38 0.46 19.3 2.34 p < 0.001
8 Cu 2.14 0.43 20.1 2.10 0.290 0.062 21.4 0.283 p <0.001
9 Zn 0.574 0.108 18.8 0.565 0.878 0.143 16.3 0.866 p < 0.001
10 Se 0.260 0.072 27.7 0.250 0.182 0.039 21.4 0.178 p < 0.001
11 Mn 0.0230 0.0084 36.5 0.0216 0.0273 0.0098 35.9 0.0258 | p<0.05
12 Cr 0.0121 0.0052  43.0 0.0110 0.0115 0.0052 45.2 0.0104 NS
13 Pb 0.0146 0.0051 34.9 0.0138 0.0120 0.0071 59.2 0.0103 p < 0.05
14 Cd 0.0004 0.0002  50.0 0.0004 0.0003 0.0002 66.7 0.0003 p < 0.001
15 Hg 0.0031 0.0009  29.0 0.0030 0.0034 0.0017 50.0 0.0030 NS
(unit : ppm)
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Table 3. Correlation matrix among multielement concentrations in
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maternal blood plasma

1 Na | 1.000
2K | 419 1.000
3Ca| 432 .426 1.000
4Mg| 350 .497 936 1.000
ssr| 225 390 841 .881 1.000 . p<0.05
6P | 276 318 510 447 346 1.000 % p<0.01
7Fe | 242 533 162 249 194 097 5% p<0.001
§Cu| 601 403 556 416 .278 606 .239 1.000
9zn| 231 .006 .505 458 503 524 -.174 471 1.000
10Se | -.008 .116 .256 .318 292 .097 —.245 .228 490 1.000
11 Mn| 437 228 688 588 518 307 .097 .508 .366 -.070 1.000
120 | 567 4sd 385 303 581 224 329 593 212 -014 688
13Pb | .134 413 383 300 301 356 447 .180 .232 —.182 .505 .238 1.000
14cd| 163 -061 126 171 070 —211 -.288 .037 —.024 .177 242 247 -425 1.000
15He | 43¢ 122 515 392 374 095 004 264 230 .064 498 580 216 .131 1.000
Na K Ca Mg Sr P Fe Cu  Zn Se Mn Cr Pb Cd Hg
Table 4. Multielement concentration in placenta
Arithmetic C.V. Geometric
Mean S.D. (%) Mean
1 Ca 1314 1835 139.6 723.6
2 Mg 80.1 26.7 33.3 76.9
3 Sr 0.447 0.546 122.1 0.276
4 P 2374 994 41.9 2241
5 Fe 61.7 16.7 27.1 59.5
6 Cu 0.829 0.120 14.5 0.820
7 Zn 12.42 1.96 15.8 12.29
8 Si 0.904 0.654 72.3 0.580
9 B 0.160 0.096 60.0 0.117
10 Se 0.350 0.110 31.4 0.334
11 Mn 0.117 0.020 17.1 0.115
12 Cr 0.0311 0.0221 71.1 0.0258
13 Pb 0.0406 0.0149 36.7 0.0386
“14 cd 0.0284 0.0074 26.1 0.0275
15 Hg 0.0285 0.0108 37.9 0.0269
(unit : ppm)
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Table 5. Correlation matrix among multielement concentrations in placenta

1 Ca
2 Mg
3 Sr
4P

S Fe
6 Cu
7 Zn
8 Si

9B

10 Se
11 Mn
12 Cr
13 Pb
14 Cd
15 Hg

1.000
F ok ok

966

sk ok

989 .

984 968 1.000 *: P<0.05
.343 375 309 .373 1.000 *E P <0.01
384 512 368 446 358 1.000 #% P <0.001

* %k k% % k%

ok ok *
886 801 898 436 417
293 269 299 303 —.164 -.099
394 501 456 425 392 311

o
193 309 197 235 236 .631 .290

620 683 .592 669 155 .545 .671

730 786 713 794 385 .392 .820 .284 .339 .165 .457 1.000

HEE kEE kAR kEE * %k ®k %

722 687 676 135 456 269 725 133 243 122 .597 .515 1.000

271 287 249 268 313 5%7 228 -.264 036 379 .588 .217 .167 1.000

-.176 -.037 -.205 -.078 -.032 .133 .084 -.141 .067 .079 .125 .143 -.103 .019 1.000

Ca Mg Sr P Fe Cu Zn Si B Se Mn Cr Pb Cd

Hg

Table 6. Correlation coefficients between the concentrations of various elements in
the maternal plasma, the placenta and the umbilical cord plasma

Maternal plasma Placenta Maternal plasma
— placeta — U. cord plasma — U. cord plasma

1 Na - — 0.268

2 K — - 0.354

3 Ca 0.327 0.065 0.846***
4 Mg 0.325 0.160 : 0.884%%*
5 Sr 0.404 0.191 0.889%**
6 P 0.621** 0.435% 0.617**
7 Fe 0.547% 0.235 -0.064

8§ Cu 0.515%* 0.335 0.041

9 Zn 0.573*%* 0.081 0.508*
10 Se 0.294 -0.211 0.323
11 Mn 0.583** 0.063 0.571**
12 Cr 0.183 0.511% 0.664**
13 Pb 0.729%** 0.813%%** 0.732%%*
14 Cd 0.578** 0.568** - 0.606%*
15 Hg 0.613%* 0.504* : 0.725*%*

#. P<0.05, **:P<0.01, ***:P<0.00l
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FMERP Culd 2 —S—F %44 KF 4 2L FZ—¥D, Zn Lz O K53 H REBBAEETR O
RS Th oD AFFFICHT B & MEKD Cu & Zn b, AL MAEADHEEICKEL
TWAHZENTRENI, 20X &b, Ca® Zn DRZER EEEZDHFRICIE, Z
DREGEARE &L OMCITEERERERSLES O,

IR ICHFEERE QK Mn & Cr OULFMETTHEE, MEEECERB 2SIl 5 L
EAHNTWDY BAM, PR XL OBBICEIT 506 0EHFEE Zn P Sr, S HIcEHE
TEHED Ca, Mg, P72l & OBMORBENRE, METHE L FETROAEAREN T 2HED
MOWBESH AR T 500 THA I,
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