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Abstract:

[Background] Under the guidance of achieving carbon peaking and carbon neutrality goals, the
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demand for lithium-ion batteries has increased significantly. However, during the production, use, and maintenance of lithium-ion bat-
teries, workers are inevitably exposed to various occupational hazards, and some chemicals are nephrotoxic.

To evaluate the kidney function and potential determinants among male workers in a lithium-ion battery-related enterprise
in Shanghai.

The data of occupational health examination carried out by an occupational disease prevention and control institution for
workers in a lithium-ion battery-related enterprise in Shanghai were collected. The workers participating pre-employment occupational
health examination were treated as a control group, and the other group was recruited from those participating periodic health examina-
tion. Serum creatinine, urea nitrogen, uric acid, and renal ultrasound were used to assess the kidney function of workers. Kidney function
was classified according to the reference range of kidney function indicators in Diagnostics (9th Edition, national planning textbook for
high education in medicine). Binary logistic regression and generalized linear regression were used to identify potential determinants of
abnormal values in kidney function indicators in workers.

There were 6184 workers in the control group (pre-employment) with a mean age of (27.40%4.50) years. There were 3526
workers on the job with a mean age of (29.40+4.99) years and the median time of service was 2.00 (1.00, 3.42) years. The prevalence
rates of high serum creatinine, high urea nitrogen, and high uric acid, and abnormal kidney ultrasound among the control group were
0.66%, 2.47%, 30.32%, and 10.12%, respectively; the indicators in the on-the-job workers were 0.96%, 3.35%, 38.25%, and 12.68%, re-
spectively, significantly higher than those in the control group (P < 0.05). After adjusting for worker age, length of service, smoking status,
drinking status, hypertension, and hyperglycemia, the binary logistic regression models showed that regular smokers had a higher risk of
high urea nitrogen than nonsmokers (OR=1.411,95%Cl: 1.011, 1.969). The risk of high uric acid was lower in older workers (OR=0.966, 95%Cl:
0.953, 0.979), and higher in workers with more years of service (<1 year, OR=1.295, 95%Cl: 1.093, 1.534; > 1-3 years, OR=1.747, 95%Cl:
1.494, 2.042; >3 years, OR=1.866, 95%Cl: 1.511, 2.304), hypertension (OR=1.400, 95%Cl: 1.055, 1.859), and hyperglycemia (OR=1.565,
95%Cl: 1.221, 2.006). Workers who were older (OR=1.038, 95%Cl: 1.022, 1.054) and had longer working years (> 1-3 years, OR=1.518,
95%Cl: 1.201, 1.920), occasional smoking habits (OR=1.239, 95%Cl: 1.039, 1.478), regular drinking habits (OR=1.875, 95%Cl: 1.139, 3.087),
and hypertension (OR=1.465, 95%Cl: 1.075, 1.998) were at a higher risk of renal ultrasound abnormalities. The generalized linear models
showed that length of service (> 1-3 years, 8=1.120, 95%Cl: 0.360, 1.880; > 3 years, 3=1.451, 95%Cl: 0.543, 2.358), smoking status (occa-
sional, 8=0.818, 95%Cl: 0.156, 1.479; regular, 8=0.841, 95%Cl: 0.066, 1.616), and hypertension (3=2.742, 95%Cl: 1.390, 4.094) were the
influencing factors of serum creatinine concentration in the workers. Age (8=0.014, 95%Cl: 0.009, 0.019) and length of service ( > 1-3 years,
B=0.079, 95%Cl: 0.012, 0.146) were the influencing factors of urea nitrogen. Age (8=-1.759, 95%Cl: -2.288, -1.231), length of service (<1
year, $=10.676, 95%Cl: 4.035, 17.316; > 1-3 years, $=26.117, 95%Cl: 19.962, 32.272; > 3 years, 3=34.558, 95%Cl: 26.116, 43.001), hyper-
tension (8=23.162, 95%Cl: 11.617, 34.707), and hyperglycemia (8=15.017, 95%Cl: 4.853, 25.180) were the influencing factors of uric acid.

The prevalence of abnormal kidney function of workers in selected lithium-ion battery-related enterprise is varied by age,
length of service, smoking status, drinking status, hypertension, and hyperglycemia. There may be a trend that the longer the time working
in a lithium-ion battery-related enterprise, the worse the workers' kidney function. Therefore, the enterprise should pay attention to the
possible reasons for their changes and take targeted interventions.

lithium ion battery; occupational health examination; kidney function; serum creatinine; urea nitrogen; uric acid
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SEARAR TS n(%) <0.001
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EB5% 3898(63.03) 744(21.10)
TR 4R, n(%) <0.001
PN 4228(68.37) 1860(52.75)
{BIRIG 1299(21.01) 840(23.82)
ZE 657(10.62) 826(23.43)
BB, (%) <0.001
RS 4906(79.33) 2237(63.44)
{BIRER 1211(19.58) 1206(34.20)
2 67(1.08) 83(2.35)
BIE, n(%) 0.021
2 254(4.11) 112(3.18)
£ 5930(95.89) 3414(96.82)
=104, n(%) 0.012
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& 5807(93.90) 3354(95.12)
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mmol-L™ F1 392.00(339.00, 450.00) pmol-L™, XFHRZA T
ABIBAE. RERMRE P AKRE DA
74.30(67.90, 81.30) umol-L'\ 4.57(3.93, 5.36) mmol-L™*
#00 374.00(323.00, 431.00) umol-L s 5XTHRZAMELL, £
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Table 2 Comparison of kidney function between on-the-job
workers and control workers in a lithium-ion battery-related
enterprise in Shanghai from 2019 to 2023
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= 41(0.66) 34(0.96)
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(mmol-L™)
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=] 153(2.47) 118(3.35)

= 6031(97.53) 3408(96.65)
FRER/ 374.00(323.00, 392.00(339.00, 0.001
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EhEBiEB 6154 1996 0.001
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Table 3 Binary logistic regression on influencing factors of
abnormal kidney function in workers in a lithium-ion battery-re-
lated enterprise [OR(95%Cl)]
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OR=1.747,95%Cl: 1.494~2.042; >3 %F,0R=1.866,95%Cl:
1.511~2.304) . i I /% 28 5% (OR=1.400, 95%Cl: 1.055~
1.859) 1 = [ #% £ 5% (OR=1.565, 95%Cl: 1.221~2.006)
T AR RS XRES. FhHRA(0R=1.038,95%CI:
1.022~1.054) . T % % 4 (1~3 &, OR=1.518, 95%CI:
1.201~1.920). 18 /R M XA (OR=1.239, 95%Cl: 1.039~
1.478). 2% tX B (OR=1.875, 95%Cl: 1.139~3.087)Fl
= [E 2% (0R=1.465, 95%Cl: 1.075~1.998) I T A%
B BRENMES. L& 3

Xt T AN BIheEiEtini X &R R T ET,
TH#%(>1~3 &, B=1.120, 95%Cl: 0.360~1.880; >3 F,
B=1.451, 95%Cl: 0.543~2.358) . WRIEIR T (1B/RM%, B=
0.818, 95%Cl: 0.156~1.479; & & %, 8=0.841, 95%CI:

TE mENE RS REARS RERE EBlBRE
1.037 1.016 0.966 1.038
Fih/% . .
(0.987~1.090) (0.989~1.043) (0.953~0.979) (1.022~1.054)
T/
0 1.000 1.000 1.000 1.000
< 1.038 1.195 1.295 1.136
h (0.462~2.333) (0.809~1.765) (1.093~1.534)"  (0.884~1.459)
1~3 1.393 1.368 1747 1.518(1.201~1.920)"
> (0.745~2.603) (0.984~1.901) (1.494~2.042)" (1. 920)
s 1.665 1.149 1.866 0.938
>. *
(0.844~3.284) (0.761~1.736) (1.511~2.304) (0.719~1.224)
TRAEAR 5T
IR 1.000 1.000 1.000 1.000
1.580 1.198 0.969 1.239
1B/R% .
(0.914~2.730) (0.881~1.630) (0.837~1.122)  (1.039~1.478)
1.236 1.411 0.901 1.179
ZER .
(0.634~2.409) (1.011~1.969)" (0.767~1.057) (0.949~1.465)
PRBRR
REE 1.000 1.000 1.000 1.000
0.656 0.972 1.106 0.990
BRI
(0.366~1.174) (0.727~1.299)  (0.970~1.262) (0.831~1.179)
o 1.359 0.940 0.931 1875
(0.311~5.946)  (0.372~2.375) (0.602~1.439)  (1.139~3.087)
S mE
S 1.000 1.000 1.000 1.000
o 2.268 0.464 1.400 1.465
= (0.973~5.289) (0.190~1.133) (1.055~1.859)°  (1.075~1.998)"
= s
& 1.000 1.000 1.000 1.000
o 0.843 1.237 1.565 1.193
= (0.304~2.336)  (0.758~2.018) (1.221~2.006)°  (0.902~1.579)

[ 3% 1*: P<0.05,
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x4 EBEFHRBEXELTASEERSERMERNT
MBS [B(95%C1) ]

Table 4 Generalized linear regression on influencing factors of
abnormal renal function in workers in a lithium-ion battery-related
enterprise [3(95%Cl)]

Te miEANET RER PRER
#/%  0.005(-0.052~0.061) 0.014(0.009~0.019) -1.759(-2.288~-1.231)"

1t

H

T#s/5
0 1.000 1.000 1.000
<1 -0.503(-1.350~0.343)  0.034(-0.041~0.108) 10.676(4.035~17.316)’
>1~3 1.120(0.360~1.880)"  0.079(0.012~0.146)° 26.117(19.962~32.272)"
>3 1.451(0.543~2.358)" -0.031(-0.110~0.049) 34.558(26.116~43.001)"
MRARIR S
RIgME  1.000 1.000 1.000
{8/R1%  0.818(0.156~1.479)°  0.042(-0.016~0.100) -3.561(-9.345~2.223)
2% 0.841(0.066~1.616)° -0.024(-0.092~0.045) -5.878(-12.206~0.450)
TRER
FERE  1.000 1.000 1.000

{B/RIR  -0.503(-1.136~0.130) —0.035(-0.091~0.021) 4.963(-0.268~10.194)

d
2R -0.768(-2.909~1.374) -0.008(-0.197~0.181) 0.894(-16.042~17.830)

ES 1.000 1.000 1.000

2 2.742(1.390~4.094)° -0.035(-0.154~0.084) 23.162(11.617~34.707)"
=M

= 1.000 1.000 1.000

2 -0.962(-2.079~0.156)  0.022(-0.076~0.121) 15.017(4.853~25.180)"
[ & 1*: P<0.05,
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