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Analysis of correlation between semen quality and exposure level of air

pollutants in different stages of sperm development
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Abstract: Objective To analyze the effects of air pollutants on male semen quality and different stages of sperm development
in Taiyuan. Methods Totally 7 614 men who were admitted to the Reproductive Department of the First Hospital of Shanxi
Medical University from January 1 to December 31, 2019 were enrolled. Their age, semen collection season, and semen pa-
ramelers were recorded. At the same time, the monitoring data of six air pollutants (SO,, NO,, CO, O;, PM,s, and PM,;) were
collected, and the exposure of air pollutants in the whole developmental period (0 to 90 days before semen collection) and
three critical developmental periods (0-9 days, 10-14 days, and 70-90 days) were calculated. Nonparametric Mann—Whitney
U test was used to compare the data difference between qualified and unqualified semen parameters. The generalized estima-
tion equation was used to explore the effects of six kinds of air pollutants on the quality parameters of each sperm at different
stages of sperm development. Results During the whole period of sperm development, the exposure concentrations of SO,,
NO,, O;, and PM,5 were different between the qualified and unqualified groups of normal sperm morphology. The exposure to
PM,, at 10 and 14 days before semen collection was positively correlated with semen volume (OR=1.245, 95%CI: 1.057-
1.467), sperm concentration (OR=1.247, 95%CI: 1.027-1.514), total sperm count (OR=1.385, 95%CI: 1.167-1.643), total
motility (OR=1.236, 95%CI: 1.085-1.409), and forward movement (OR=1.207, 95%CI: 1.059-1.376). The O; exposure was
positively correlated with sperm concentration (OR=1.250, 95%CI: 1.002-1.558; OR=1.173, 95% CI: 1.025-1.343), total
sperm count (OR=1.255, 95%CI: 1.026-1.537; OR=1.218, 95%CI: 1.074-1.380), and normal sperm morphology (OR=1.295,
95%CI: 1.047-1.602; OR=1.229, 95%CI: 1.076—-1.404). Conclusion Exposure to air pollutants increases the risk of unquali-
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fied semen parameters at all stages of sperm development, and the critical window period focuses on 10-14 days before se-

men collection, which is the developmental stage of sperm motility. PM;, and O; are the main reproductive toxins affecting the

decline of male sperm quality in Taiyuan, which need to be paid attention to.
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Table 1 Atmospheric pollutant exposure in Taiyuan city during the study period
KAT5HH) SIS = bR Fo/ME S IN(:1 DA B A LETNAE
SO,(g/m*) 23.0+169 5.0 106.0 17.0 17.0
NO,(pg/m’) 49.1+17.8 12.0 108.0 48.0 26.0
05(pg/m’®) 110.1 +61.0 18.0 294.0 97.0 89.0
CO(mg/m?) 1.0£04 0.3 33 0.9 0.5
PM,( g/m’®) 559+372 9.0 286.0 46.0 41.0
PM o pg/m*) 113.3£59.8 19.0 392.0 100.0 78.0
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Table 2 Comparison of exposure levels of atmospheric pollutants in the critical period of sperm development between qualified group and

unqualified group for various semen parameter [M (Q)]

sk pon U SO,(pg/m*) NO,(pg/m?)
0~904d 0~9d 10~14d  70~90d  0~90d 0~9d 10~14d  70~90d
FB AR L 6216  152(13.9) 14.7(94) 145(11.2) 150(22.1) 46.1(12.8) 44.1(158) 43.5(154) 452(18.8)
TEH 1398 154(157) 14985 147(11.7) 150(223) 459(13.7) 43.8(16.5) 43.9(16.0) 44.8(18.9)
z -0.164 -0.523 -0.638 -0.066 -0.255 -0.659 -0.161 -0.114
e A 6180  152(13.9) 14.7(8.6) 145(11.2) 150(22.1) 46.1(12.7) 44.1(16.0) 43.4(154) 452(18.0)
TEH 1434 156(15.8) 149(10.0) 15.0(11.2) 14.9223) 46.5(13.7) 443(15.5) 44.6(15.7) 44.8(20.5)
{8 -0.403 -3.039° -2.120° -1.396 -1.380 -1.580 -1.313 -0.782
iRy i ey 5723 152(13.8) 14.7(20.3) 14.522.8) 150(34.4) 46.3(12.8) 44.3(159) 43.4(16.1) 45.2(18.2)
et 1891 15.5(14.0) 14721.1) 145(224) 150(34.4) 459(13.5) 438(15.7) 44.1(15.1) 44.8(19.3)
zfH -0.589 ~1.474 -0.746 -1.155 -0.021 -0.567 -0.431 -1.367
TG X 4801 156(27.9) 147(8.4) 147(11.6) 152((224) 46.6(12.6) 44.8(158) 43.4(154) 45.6(17.7)
Ak 2813 148(23.0) 147(92) 145(113) 147(21.8) 447(12.9) 43.8(162) 43.9(155) 44.6(17.7)
z -4.303" -1.725 -1.368 -4.792° -3.562" -1.542 -0.241 -4.361°
FTFims g A 4892  156(159) 14.7(8.5) 147(11.6) 152(22.3) 44.7(12.6) 443(159) 434(154) 456(17.7)
TEH 2722 148(113)  147(9.1)  145(11.3) 147(21.8) 46.5(13.0) 43.8(16.2) 44.1(16.0) 46.6 (15.6)
z{H —4.424" -1.694 -1.388 -4.882" -3.615" -1.176 -0.595 —4.613"
IEERETIES B 6047  152(138) 14782 143(11.2) 150(22.0) 459(12.8) 44.0(159) 43.1(157) 451(17.2)
AEH 1567 158(169) 15.6(11.1) 154 (12.0) 150(22.4) 46.8(13.1) 452(16.3) 44.8(16.5) 452(19.2)
z -2.295 —4.555" —4.116" -1.182 -3.801" -2.581" -2.762" -1.106
_ CO(mg/m? 0;(pg/m*)
et e AR 0~904d 0~9<1( g/10)~14d 70~90d  0~90d 0~9dg(ut/10~14d 70~90d
LRGN G 6216 0.9 (0.2) 0.9 (0.3) 0.9 (0.2) 0.9(0.5) 1247 (79.3) 126.6(93.4) 120.2(93.8) 127.8 (86.3)
TEH 1398 0.9 (0.3) 0.9 (0.2) 0.8 (0.2) 0.8(0.5) 125.7(79.7) 126.6(93.4) 116.3(94.2) 128.6(89.2)
2 A -0.365 -0.318 -1.213 -1.459 -0.139 -0.299 -0.054 -0.143
e i 6 180 0.9 (0.2) 0.9 (0.2) 0.9 (0.2) 0.9 (0.5) 125.7(78.9) 126.8(92.2) 120.5(93.9) 127.9 (86.3)
e 1434 0.9 (0.3) 0.9 (0.3) 0.8 (0.3) 0.9(0.5)  124.1 (84.3) 123.3(90.3) 114.6(92.9) 1282 (87.5)
{8 2211 -1.360 -0.508 -1.412 -1.978" -2.959" -1.944 -0.066
RSy i B 5723 0.9 (0.2) 0.9 (0.3) 0.9 (0.2) 0.9(0.5) 124.7(79.6) 126.7 (94.4) 120.2(93.8) 127.9 (85.0)
AEHE 1891 0.9 (0.2) 0.9 (0.2) 0.8 (0.2) 0.9(0.5) 1262 (78.3) 126.6(91.7) 116.7(93.3) 127.8 (89.9)
z {8 -0.609 -0.286 -1.102 -0.166 -0.502 -1.163 -0.243 -0.502
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(23)
- pon e CO(mg/m*) 05 pg/m*)
0~90d 0~9d 10~14d  70~90d  0~90d 0~9d 10~14d  70~90d
KT I =i 4801 0.9 (0.3) 0.9 (0.3) 0.8 (0.2) 0.9(0.5) 123.5(78.1) 126.7(92.4) 119.0(93.3) 125.8 (84.3)
TEH 2813 0.9 (0.2) 0.9 (0.2) 0.9 (0.2) 0.8 (0.5 130.6(83.5) 126.6 (94.4) 116.8(99.9) 131.9 (92.5)
M8 -3.182" -0.030 -1.582 -4.364" -3.158" -1.366 -0.497 -4.678
K TFRTI0E 3 ey 4892 0.9 (0.3) 0.9 (0.2) 0.8 (0.2) 0.9(0.5) 123.5(78.1) 126.7(92.6) 118.1(93.8) 125.8 (84.3)
NEHE 2722 0.9 (0.2) 0.9 (0.3) 0.9 (0.3) 0.9(0.5) 130.6(83.5) 126.6(93.2) 119.6(99.9) 131.9(92.8)
z -2.874 -0.011 -1.825 -4.075 -3.019" -1.545 -0.299 -4.779°
WA TIES X 6047 0.9 (0.2) 0.9 (0.2) 0.8(0.2) 0.9(0.3) 1262(78.9) 1268 (912) 1262 (97.1) 119.4(73.0)
Rat 1567 0.9 (0.3) 0.9 (0.3) 0.9 (0.3) 0.9(02) 121.3(83.0) 121.9(96.1) 113.4(88.3) 118.5 (74.4)
8 -3.310" -1.387 -2.835° -1.680 -4.120" -4.522" -4.107" -1.812
PM /m* PM m®
i 2 A 0~90d 0~9d25(Mg10114d 70~90d  0~90d O~9dm(Mg/10)~14d 70~90d
FB AR X 6216  44.8(25.7) 449 (265 44.4(27.0) 47.8(39.3) 103.6(49.9) 97.0(59.5) 87.9(56.3) 119.4(73.0)
Ak 1398 448(28.6) 445(227.7) 43.1(247) 46.1(39.8) 1027 (49.9) 97.0 (64.3) 92.0(87.9) 118.5(73.9)
8 -0.031 -0.267 -0.931 -1.001 -0.131 -0.236 -0.468 -0.191
s B 6180  44.8(25.7) 44.8(26.9) 442(26.7) 47.8(39.1) 103.6(49.9) 97.0(61.1) 87.9(54.9) 119.4(73.5)
A 1434 451(288) 45.1(27.2) 452(27.1) 482(425) 104.3(52.0) 101.0(60.9) 94.8(57.8) 117.4(74.3)
2l -0.150 -1.882 -0.837 -0.219 -0.087 -2.163" -1.957 -0.726
R B 5723 448(25.7) 449(26.7) 444(2677) 47.8(39.1) 103.6(49.4) 97.0(61.0) 90.2(56.3) 119.6 (73.5)
A 1891 44.8(263) 448 (264) 442(24.8) 47.4(42.0) 103.5(53.5) 100.3(62.3) 87.9(53.0) 117.7 (73.6)
2l -0.961 -0.318 -1.167 -0.102 -0.679 -0.596 -0.005 -0.842
TR Gk 4801  45.1(28.1) 45.1(26.8) 45.0(26.7) 48.4(40.4) 106.0(49.3) 100.3 (62.3) 90.2(55.2) 120.2(73.6)
RER 2813 443(255) 44.8(269) 442(262) 44.5(382) 99.6(522) 955(60.0) 87.9(56.8) 116.7(72.3)
ER i -4355" -1.582 -0.709 -3.662" -4.560" -2.927" -1.265 -3.703"
K rimis sl =i 4892  451(28.1) 45.1(26.8) 45.0(26.5) 48.4(40.4) 105.6(49.3) 100.3 (62.3) 90.2(55.2) 120.2(73.6)
T 2722 442(260) 448(269) 442(27.1) 444(382) 99.6(543) 92.9(60.0) 87.9(56.8) 116.6(72.5)
MH -4.432" -1.718 -0.503 -3.663" -4741" -3.088" -1.208 -3.910°
IEHRETFIES L 6047  448(25.6) 44.8(26.6) 43.6(253) 47.4(39.1) 103.5(51.8) 96.5(60.2) 87.2(54.9) 119.4(73.0)
NEHE 1567 453(28.1) 454 (27.8) 469 (26.8) 48.2(43.0) 105.1(50.2) 1023 (61.2) 97.4(59.2) 118.5(74.4)
2 -2.065 -2.704" -3.697" -0.308 -1.839 -3.001" -4.276" -0.402
R P<0.05,
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Figure 1 Correlation between concentrations of air pollutants in each critical exposure period and unqualified semen parameters
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Figure 2 Correlation of air pollutants with semen parameters in different age subgroups
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