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Research trend of emerging contaminants in livestock and poultry wastes based on bibliometric analysis

CAO Yan, HU Shuangqing, SHEN Genxiang’, ZHANG Hongchang, WANG Zhenqji, LI Zhenjin

(State Environmental Protection Key Laboratory of Environmental Health Impact Assessment of Emerging Contaminants, Shanghai
Academy of Environmental Sciences, Shanghai 200233, China)

Abstract: Emerging contaminants, such as antibiotics and hormones, in the livestock and poultry breeding industry have attracted wide
attention in recent years. This study conducted a bibliometric analysis of the research dynamics of emerging contaminants in livestock and
poultry wastes using CiteSpace software, and obtained the research advances, hot topics, and evolution of knowledge in this field. The
research in this field showed a trend of rapid growth in recent years, and China and the United States had a prominent influence. The
sources, environmental behavior, and analytical techniques of emerging contaminants (mainly antibiotics and hormones) were the popular
research topics in this field. Research on the potential ecological and environmental health risks of emerging contaminants would be the
focus of future research. It is recommended to strengthen the regulation of inputs used in the livestock industry, control the disposal and
discharge of livestock wastes, and increase the investment in key technologies and demonstration projects for the reduction and control of
emerging contaminants in the livestock and poultry breeding industry.

Keywords : bibliometrics; livestock and poultry breeding; emerging contaminant; CiteSpace

UTAFREER FRAE L AR AW IR B & i PUAERAER SRR H ) 2, & &
FRPAPE SRR N, LGk T —RSIEE BARPUE RIS /NI , RER 23
[, UG R RS R R . — i FEE AR HE RSN B A 8 369 I T

WimEE:2021-09-24 A BH:2021-10-08

PEE B WHE(1990—) , 22, INARAEN  W-WFRAE |, 5 S R IR (AR 5 A AR S AR F9E T4E . E-mail: yancao@sthj.shanghai.gov.cn
EEEE LRAE  E-mail : shengx@saes.sh.cn

BETE RATG YT 5 i SR L 01(20172X07207002)

Project supported : The Major Science and Technology Program for Water Pollution Control and Treatment (2017ZX07207002)



W, % 36 TSR B0 7 8 RS S Y e 2297

AR L3, P28 AR E A VLI WA 25, A2
SN PREE T A M R R 28 R P A 3 2 T8 R T 24
BELRT AR 7 A TR A 4, 0F A R ™ A= i R 53
— 7 THI , B B FEPROR PRI p S [ M R 1) RS
Wz —  FRENE IR R, & & 2 PR A7 A i 4T
1K 4042 0 ST AR AT O — ML Y A R A 23
WP, FEARGR T S T AR S A W A S AR S R T
AP R SEFE AR AT R, X A SR A 1™ R

RAE R BRI A R R E R 52 5
STz R ERIR I SRR D = B i SCRR T
I3, XA T S AU A ST A —
fJRy BRAE o AN SCEE TSk T4 D7 v, A ) CiteSpace
SCHRIHE 5 AR B S AL T A AR
8 B IRFE IR F-H TS Y AR SCHIE S, 4248 0 Bkt
HERE B IR TS Y T R S e 3
ZIJNR: G R RIE= 4 NG IRTEE - VSENAI VAR SE g b $7id17 S4 R
PR H AT E N SMZSUR AT S E RN,
N EE B IRIEA LTS G 15 e B PR A

1 MEETE

1.1 BERIE

LA R AR [ B 5 [ N 7 8 SR R 5 W)
B 15 G W) o 5T JE R, A WF Y 18 B Web of Science
(WOS) A% A HEB5H 2 A v [ 01 I ( CNKID %0018 3
Bl e b i SCHRIR

XF T A SO, AT 32 RURS: R AR W OS B i e
T ARERIZ U Y T AT R R DB .
K21 : TS=( ("Livestock and poultry" or livestock or
pouliry or pig or swine or cattle or cow or dairy or chick-
en or duck) and waste* and ("Emerging contaminant*"
or Antibiotic* or "Veterinary drug" or "Veterinary medi-
cine" or Hormone or EDCs or "Endocrine disrupt*") ),
i [0) 5 8 3% 4 2003—2021, K 3% B 1] Sy 2021 45 3 J
30 Ho MJELAR TC 55 v e BB S8 1% 18 SC (Article) 1y
AR | Xk T 52 SCHR AN T R SCHR PR A T, R A
5 1 496 STk A% O EIR SR -

X SCRE 78 CNKIH e s e R 0 =X, L
“FR=(F IR GO g + BrBT5 e + 5%
YY)+ PUAER + B2 + R + W Tity) =
(RFEW) + 1594 ) " BEA TR 2R, I ) e 3] WOS Hiodha 1%
—H(, 2 2003—2021 4, A Z I 7] 2 2021 4F 3 11 30
H % 8 52 SCRR RSO HR A 0 1 | Je 240 5 89 i
AHIESTHR -

1.2 3HRAE

& Bl CiteSpace FXAF % WOS Fl CNKI 9 #6: 2 58
AT AT AL BT CiteSpace & — @K FE Rl 221 2
HEA AR A BTG A A B AR 200 A
S5 CorHT EBUR AR A S5 H RN 23 1
Ol T8 BT AL R B2 FHR 5, H T CiteSpace £
TESCHR T 43 B G045 21 )0z A

AWEIELLT & FRFE R F S Yo R i
RGeS TR B o3 A U N 18 ST
Jre AR 55 O3 A RFAE 5 30 3 B9 [ S FIAILAL) B AR 1Y 2%
B 48 7812 U 4 BRI BE 58 0 i 3 A A AE R R
T o SR S I 43 B 48 s A ] A J B B A 9 R R
T T | 2% B SRS A e M T Y A, O
Tk I ] 2 P B AT B R it AR, D R AR A S
P TR PR A -

2 #HR51TR

2.1 RREEBEST

M WOS F1 CNKI 6 2 15 21 114 £ 4k 5 4545 [ 4
B A IR SRS Y O AR T R SR, LA
1o BVARE NI T & & SRR S8 15 e )
PRI SR B 2t B TS 3 (B SCe SR SO
RT3 SR SR .

MAEGY 7, WS S0 & SO TE 2018 4 i 2 B
P AR R SCRIIIRT 105, 1M 2018 4 f5 & 3¢
Bom R EI A T IR 2020 48 & SCEUE T
2019 4F Bl — 7, BE W48 R & & 95 58 % 72 ) 4 T G
Y% 3% B = NG e . IS0 SO 2014 4
Hi 2 P B AIGHC ARG K ARK 15% 52014 - J5 1%
AT HE N R R R AR kST B3 R

250

— WOS

200

@
S

100

18 U Number of papers
wn
S

0
2003 2005 2007 2009 2011 2013 2015 2017 2019
Ay Year

B 1 2003—2020 FizME L X2
Figure 1 Research papers published from 2003 to 2020
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Table 1 Top 10 journals of paper amount

FRICHT 10 307 W

Top 10 journals of paper amount Paper amount

Science of the Total Environment 133
Bioresource Technology 77
Chemosphere 64

Environmental Science & Technology 57
Environmental Pollution 42
Environmental Science and Pollution Research 41
Journal of Hazardous Materials 39
Journal of Environmental Quality 35
Ecotoxicology and Environmental Safety 33
Environmental International 27
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W 3 KR ERRMIEL, BB YR
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SRVE IR Gy LR AR B
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Table 2 Top 10 journals of paper citation

S HUELHT 1062397 SIS
Top 10 journals cited Citation

Environmental Science & Technology 990
Science of the Total Environment 940
Water Research 889
Chemosphere 888
Applied and Environmental Microbiology 693
Environmental Pollution 611
Journal of Hazardous Materials 553
Bioresource Technology 552
Journal of Environmental Quality 498
Environmental International 436
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Figure 2 Knowledge map of periodical double graph superposition
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Figure 3 Subject category distribution of the papers
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Figure 7 Network of key words coexistence based on WOS data
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TR O 13, - B A B 6 a, P SR B 7,52,
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Keywords Year Strength Begin End 2003—2021
17 beta estradiol 2003 11.47 2003 2012
testosterone 2003 7.12 2003 2014
sewage treatment plant 2003 7.09 2003 2012
hormone 2003 7.07 2003 2014
poultry 2003 6.82 2003 2010
liquid chromatography 2003 5.78 2003 2010
tylosin 2003 9.08 2005 2014
solid phase extraction 2003 14 2006 2015
transport 2003 6.35 2006 2014
lagoon 2003 6.28 2006 2013
estrone 2003 6.27 2006 2010
tandem mass spectrometry 2003 7.78 2007 2015
water 2003 6.28 2008 2009
macrolide 2003 5.68 2008 2013
estrogen 2003 8.73 2009 2014
pig 2003 7.22 2009 2012
steroid hormone 2003 7.87 2010 2015
dairy 2003 6.42 2010 2015
estrogenic hormone 2003 5.8 2010 2015
manure 2003 5.72 2013 2014
farm 2003 5.82 2015 2018
China 2003 8.92 2016 2018
bacterial community 2003 10.24 2017 2021
antibiotic resistance gene 2003 8.75 2018 2019
microbial community 2003 11.76 2019 2021

8 RIBEREHI 25K HIA
Figure 8 Top 25 keywords with the strongest citation bursts
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Table 3 Co—citation paper amount and year of clusters

T %5 iEnva| e 5] Sk FRE IR 214 Jkst X5 ARG
Cluster ID Research field Co-citation paper amount ~ Beginyear ~ Endyear  Duration/a Mean year
#0 Bacterial community 164 2011 2020 10 2016
#1 QPCR 153 2008 2017 10 2012
# Antibiotic resistance genes 123 2003 2014 12 2007
# Estrone 103 1999 2014 16 2006
#4 CAFO 84 1999 2007 9 2002
#5 Constructed wetlands 81 2012 2020 9 2016
#6 Macrolide 71 2004 2011 8 2006
#7 Derivatization 35 1998 2004 7 2000
#8 Organic solid waste 20 2017 2020 4 2008
#9 Sediment 16 2011 2017 7 2013
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Figure 9 Timeline visualization of 10 principal clusters of article co—citation network

(1) BEH 7 8 7 FE MV (0 PR A JE RIS BT AR 3
RS YW PR SR A R KRS A 85 DG T, T4 R ek
PRI S B A SO e R R 1 a3, 2 R )%
Wi, L & 2R X , BA ORI K R T
J1, TS T g 1) 22 S0 TN 22 R AL Rl

(2)AEWFFE I8 T T, 3 1 70 5 [ W e LA 7 2%
U R R g A [ B b3 B SR HY  (HZ T
FEATTI i ST DI 5 e (R L, S5 AL R 2 F T
YRR it e — e m PR AR RE T

(3) 1% AU 7 PR A A 1) 1o P 222 )
P WA SR TR UE R E ST ), AR
B IRBHTTS YW R PRI T O IR A A G 4
AREETT T, HAT AR X & 8 SR AR 15 Yy A I 2 By
DI SR ) R A A 2 BRI S B XRS5, 57 2 A
BTG G M sk ) A 2SI A

AT, BN I T (EDCs) FpAEAPLTS
Yy (POPs) Bt A 3R 2558 15 2y DR LT 7 114 67 T A
AT FREAN T A2 B T2 T s TEFR AR K (R B 3
i 25 P2 ST T AR SRR R AR B S e i Sk
HT O S SR TR TS G AT AR 2T 5L DY 25 R
A S AU SR AT, e S S i I O TR
TSR RIEA T WIS R SR Mk BE A I A A 25 PR
il R XS 3 A0k 45 E R A B R R 7 3 B SR BT
QM) Bl P 5 L, — 7 T IR AT FRFED BEA iy
(o AR FEL P 5 Ak R R ) M A, e o R T

Behnas xt FREBA dh U HGE YU R AR EL, B A
JEE T Xt 7 6 25 M I HE R 4 d B 4 5 05—
77 T DO 7 15 e 0 D HE R4 o O B R e TR
FIEIBEFEIRBEA , WX 5 & FRF K o 15 Yt 2
R A BIF R FN HISCR DAl 6 AT I i fi b 2R
BORBEATWEFE LIS BT A ZATTE DR 1 S 240 T A
RIS TR Sk IR S 56 75 85 SR AR S B TS
eI PRI KRS A 47

S 3

[1] EHRIE, BRGEZE, TARFE, 45 . W3R KA 32T B s e il
78 TR B 5T SR (] K 4R, 2020, 39 (11) : 63 -66, 146.
WANG Z Q, QIAN X Y, SHEN G X, et al. Research findings of demon-
stration project of emerging pollutants reduction for antibiotics in dairy
wastewater[]]. Water Purification Technology, 2020, 39 (11) : 63-66,
146.

[2] 35, 2252, ALK, 45 . B AR 2N 24 8 S A T S i Al A K 1k
AP AR RS AT PR, 2020, 41(3) 114011408, DAL
S, LI P, PENG W Q, et al. Influence of antibiotics on the denitrification
process of antibiotic resistant denitrifying bacteria and the analysis of
microbial community structure[J]. Environmental Science, 2020, 41
(3):1401-1408.

[3] W SCHE, S EAG, Jr BEIE, 55 . s X & B R U E RIS Y
ARATHTLI]. FRET TAEHOAR 4, 2018, 8(4) :390-397.  LING W C,
FAN Y M, FANG Y Y, et al. Antibiotics pollution of livestock and
poultry breeding in Beijing—Tianjin—Hebei region[J]. Journal of Envi-
ronmental Engineering Technology, 2018, 8(4):390-397.

WWW.Qes.019.CN




m@g 2304

[4] ZHANG F S, LI Y X, YANG M, et al. Copper residue in animal ma-

nures and the potential pollution risk in northeast ChinalJ]. Journal of

Resources and Ecology, 2011, 2(1):91-96.

[5] XkT7, HHRE, R, 45 ARAL =8 3 & RIS I W R HE %
FOAE TS e KU [T]. SRBERL#, 2013, 34(8) :3180-3187. LIUST,
LI Y X, ZHANG X L, et al. Excretion of manure—borne steroid hor-
mones and their potential risk in the three northeast provinces of China
[J]. Environmental Science, 2013, 34(8) :3180-3187.

[6] BAXUR, ZE¥ 2, VAL . MR A B 260 rPMERCR AR RCRHIE L)), #R05
BR2EHFST, 2020, 33(1):227-234. HU S Q, YUAN Z J, SHEN G X.
Characteristics of estrogens in typical livestock and poultry waste[]].
Research of Environmental Science, 2020, 33(1):227-234.

(7] =407, SKut S, WIRUR, 55 . ML RIMERCER e /KR L i I B AR AE K
17 U6 U & DOM XTI B B9 52 mi (1. FREEAE7, 2018, 37(4) : 652-
660. YUAN Z J, ZHANG H C, HU S Q, et al. Adsorption of typical
estrogens to paddy soils and influence of kaolin and pig manure DOM
[J]. Environmental Chemistry, 2018, 37(4) :652-660.

[8] FEL kit B, JAREE, 5. 455 SMERCR7EMENT S R h n BAd 5
TETFEEN. Al R BSR40, 2019, 38(12):2860-2870.  WANG
7, ZHANG H C, SHEN G X, et al. Degradation and transformation of
conjugated estrogens during composting[J]. Journal of Agro—Environ-
ment Science, 2019, 38(12) : 2860-2870.

(91 2228, BRESE . CiteSpace : RHESUAIZ A K T WAL (M), . dbat:
TR R 5 KA A, 2017, LLJ, CHEN C M. CiteSpace : Text
mining and visualization in scientific literature[M]. 2nd Edition. Bei-
jing: Capital University of Economics and Business Press, 2017.

[10] WU J, JIA D, WEI Z, et al. Development trends and frontiers of ocean

big data research based on CiteSpace[J]. Water, 2020, 12(6) : 1560.
[11] CHEN H, YANG Y, YANG Y, et al. A bibliometric investigation of

life cycle assessment research in the web of science databases[J]. The

International Journal of Life Cycle Assessment, 2014, 19(10) : 1674~

1685.

[12] FREENI, ZEHAS . FE T CiteSpace AV 15 AWF 57 UE 8 15 K e i34
[7]. /KBRS 7K TR 244k, 2015, 26(1):212-218. DAIF G, CAI

H J. Research progress and development trend of water saving agricul-
ture based on CiteSpace[J]. Journal of Water Resources & Water Engi-
neering, 2015, 26(1):212-218.

[13] FEHOES, PRk, T . 3T CiteSpace U UL 30 4E 42 ERARfb AR 52
W BRI B[], FREEAR I AT, 2021, 11(2) :281-287.  XUE
Y X, LIANG Q S, WANG P. The research status and prospect of glob-
al change ecology in the past 30 years based on CiteSpace[J]. Advanc-
es in Environmental Protection, 2021, 11(2):281-287.

[14] CHEN C, LEYDESDORFF L. Patterns of connections and movements
in dual-map overlays: A new method of publication portfolio analysis
[J1. Journal of the Association for Information Science and Technology,
2014, 65(2) :334-351.

[15] SHEN G X, ZHANG Y, HU S Q, et al. Adsorption and degradation of
sulfadiazine and sulfamethoxazole in an agricultural soil system under
an anaerobic condition: Kinetics and environmental risks[J]. Chemo-
sphere, 2017 :266-274.

[16] HU S Q, ZHANG Y, SHEN G X, et al. Adsorption/desorption behav-

1% WHART]

RARERZ2E - EEFESHNEET

F405F 115
ior and mechanisms of sulfadiazine and sulfamethoxazole in agricul-
tural soil systems[J]. Soil and Tillage Research, 2019, 186:233-241.

[17] ZHANG Y, HU S Q, ZHANG H C, et al. Degradation kinetics and

mechanism of sulfadiazine and sulfamethoxazole in an agricultural
soil system with manure application[]]. Science of the Total Environ-
ment, 2017, 607 : 1348-1356.

[18] ZHAO L, DONG Y H, WANG H. Residues of veterinary antibiotics in
manures from feedlot livestock in eight provinces of China[l]. Science
of the Total Environment, 2010, 408(5) : 1069-1075.

[19] WEI R, GE F, HUANG S, et al. Occurrence of veterinary antibiotics
in animal wastewater and surface water around farms in Jiangsu Prov-
ince, China[J]. Chemosphere, 2011, 82(10):1408-1414.

[20] LUO Y, XU L, RYSZ M, et al. Occurrence and transport of tetracy-
cline, sulfonamide, quinolone, and macrolide antibiotics in the Haihe
River Basin, China[J]. Environmental Science & Technology, 2011, 45
(5):1827-1833.

[21] MIAO X S, BISHAY F, CHEN M, et al. Occurrence of antimicrobials
in the final effluents of wastewater treatment plants in CanadalJ]. En-
vironmental Science & Technology, 2004, 38(13) :3533-3541.

[22] WATANABE N, BERGAMASCHI B A, LOFTIN K A, et al. Use and
environmental occurrence of antibiotics in freestall dairy farms with
manured forage fields[J]. Environmental Science & Technology, 2010,
44(17) :6591-6600.

[23] CHEN T S, CHEN T C, YEH K J C, et al. High estrogen concentra-
tions in receiving river discharge from a concentrated livestock feedlot
[J]. Science of the Total Environment, 2010, 408(16) :3223-3230.

[24] JECHALKE S, KOPMANN C, ROSENDAHL I, et al. Increased abun-
dance and transferability of resistance genes after field application of
manure from sulfadiazine—treated pigs|[J]. Applied and Environmental
Microbiology, 2013, 79(5):1704-1711.

[25] TANG X, LOU C, WANG S, et al. Effects of long—term manure appli-
cations on the occurrence of antibiotics and antibiotic resistance genes
(ARGs) in paddy soils: Evidence from four field experiments in south
of ChinalJ]. Soil Biology and Biochemistry, 2015, 90:179-187.

[26] KYSELKOVA M, KOTRBOVA L, BHUMIBHAMON G, et al. Tetracy-
cline resistance genes persist in soil amended with cattle feces inde-
pendently from chlortetracycline selection pressure[J]. Soil Biology
and Biochemistry, 2015, 81:259-265.

[27] CHEN Q, AN X, LI H, et al. Long—term field application of sewage
sludge increases the abundance of antibiotic resistance genes in soil
[J]. Environment International, 2016, 92:1-10.

[28] ZHU Y G, JOHNSON T A, SU J Q, et al. Diverse and abundant antibi-
otic resistance genes in Chinese swine farms[J]. Proceedings of the Na-
tional Academy of Sciences, 2013, 110(9) : 3435-3440.

[29] UDIKOVIC-KOLIC N, WICHMANN F, BRODERICK N A, et al.
Bloom of resident antibiotic—resistant bacteria in soil following ma-
nure fertilization[J]. Proceedings of the National Academy of Sciences,
2014, 111(42):15202-15207.

[30] FORSBERG K J, PATEL S, GIBSON M K, et al. Bacterial phylogeny
structures soil resistomes across habitats[J]. Nature, 2014, 509

(7502):612-616.



