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3.2 Top 15 research areas, institutions, countries/regions, journals

As a non-renewable resource, phosphorus enjoys the dual
characteristics of polluting and resource. Specifically, polluting refers
to excessive phosphorus discharged into the waterbody will lead to
eutrophication of the waterbody, thus affecting the water quality,
while resource refers to the application of appropriate amount of
phosphorus can promote plant growth and improve crop yield.
Therefore, how to effectively remove phosphorus from bodies of
water and recycle it as a soil conditioner or fertilizer for agricultural
land applications has been a hot issue in global research.

2. Phosphorus crisis and the wide range of uses of

phosphorus as a resource

€ Many scholars have modeled the depletion of phosphorus
resources and discovered that the global phosphorus resource
will be in a shortage within 50~100 years at the current rate of
phosphorus mining and consumption.

€ Phosphorus as a resource is widely used in feed, detergents,

preservatives, food additives, household chemicals, pesticides,

fertilizers, and electronics.

3. Recent advances analysis by bibliometrics

Two types of document (article and review article) published up to
July 14, 2023 were collected and analyzed from the Web of Science
core databases and a bibliometric survey was conducted using
VOSviewer and Bibliometrix software.

Search criteria

Database Keywords Period
Web of Science “biochar” OR “bio-char” OR 1990~2023.7.14

“biocarbon” OR “biological
carbon” AND “phosphorus”
OR “phosphate” AND
“sorption*” OR “adsorption*”
OR “recovery*” OR
“reclamation®*” OR
“recycling* ” OR “removal* ”

Core Collection

3.1 Publication evolution, top 10 languages
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Portuguese Romanian

No. Research Areas Record %
Count

1 Environmental Sciences 2,554 52.714%

2 Engineering Environmental 1,324 27.327%

3 Water Resources 875 18.060%

4 Engineering Chemical 656 13.540%

5 | Biotechnology Applied Microbiology 523 10.795%

6 Energy Fuels 338 6.976%

7 Soil Science 280 5.779%

8 Agricultural Engineering 259 5.346%

9 Chemistry Multidisciplinary 237 4.892%

10 | Green Sustainable Science Technology 234 4.830%

11 Ecology 148 3.055%

12 Agronomy 142 2.931%

13 Chemistry Physical 116 2.394%

14 Microbiology 111 2.291%

15 Plant Sciences 109 2.250%

No. Journal Record %
Count

SCIENCE OF THE TOTAL 0

: ENVIRONMENT 295 6.089%

2 BIORESOURCE TECHNOLOGY 227 4.685%
WATER SCIENCE AND o

3 TECHNOLOGY 224 4.623%

4 CHEMOSPHERE 218 4.499%

5 WATER RESEARCH 208 4.293%
ENVIRONMENTAL SCIENCE AND 0

6 POLLUTION RESEARCH 135 2.786%
CHEMICAL ENGINEERING o

7 JOURNAL 128 2.642%
JOURNAL OF ENVIRONMENTAL o

8 MANAGEMENT 119 2.456%
JOURNAL OF CLEANER o

9 PRODUCTION 116 2.394%

10 | ENVIRONMENTAL TECHNOLOGY 82 1.692%
DESALINATION AND WATER 0

11 TREATMENT 81 1.672%
JOURNAL OF HAZARDOUS o

12 MATERIALS 79 1.631%
JOURNAL OF ENVIRONMENTAL 0

13 CHEMICAL ENGINEERING o4 1.321%
WATER ENVIRONMENT 0

14 RESEARCH 60 1.238%
JOURNAL OF WATER PROCESS o

15 ENGINEERING > 12187

No. Affiliations Record %
Count
5.511%
1 | CHINESE ACADEMY OF SCIENCES 267
2 TONGIJI UNIVERSITY 120 2.477%
MINISTRY OF AGRICULTURE RURAL 0
3 AFFAIRS 118 2.436%
STATE UNIVERSITY SYSTEM OF o
4 FLORIDA 118 2.436%
UNIVERSITY OF CHINESE o
: ACADEMY OF SCIENCES CAS )0 19817
6 UNIVERSITY OF FLORIDA 96 1.981%
HARBIN INSTITUTE OF o
/ TECHNOLOGY 88 18167
BEIJING UNIVERSITY OF o
8 TECHNOLOGY 87 L7967
9 UNIVERSITY OF QUEENSLAND 85 1.754%
CHINESE ACADEMY OF o
10 AGRICULTURAL SCIENCES 80 16517
11 | EGYPTIAN KNOWLEDGE BANK EKB 69 1.424%
UNIVERSITY OF CALIFORNIA o
12 SYSTEM 65 1.342%
13 ZHEJIANG UNIVERSITY 64 1.321%
NORTHWEST A F UNIVERSITY o
14 CHINA 60 1.238%
15 TSINGHUA UNIVERSITY 59 1.218%
No. Countries/Regions Record Count %
1 PEOPLES R CHINA 2,178 44.954%
2 USA 730 15.067%
3 AUSTRALIA 336 6.935%
4 INDIA 228 4.706%
5 CANADA 226 4.665%
6 SOUTH KOREA 215 4.438%
7 SPAIN 166 3.426%
8 GERMANY 161 3.323%
9 BRAZIL 141 2.910%
10 ENGLAND 134 2.766%
11 IRAN 120 2.477%
12 FRANCE 109 2.250%
13 DENMARK 95 1.961%
14 JAPAN 95 1.961%
15 PAKISTAN 95 1.961%

3.3 Keyword co-occurrence network, thematic map
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Most Global Cited Documents

MATA TM, 2010, RENEW SUST ENERG REV
KALBITZ K, 2000, SOIL SCI
CAO XD, 2010, BIORESOURCE TECHNOL
MINO T, 1998, WATER RES

£

5 RAJAPAKSHA AU, 2016, CHEMOSPHERE

1S

a
MUKHERJEE A, 2011, GEODERMA

LU HL, 2012, WATER RES

CHEN BL, 2011, BIORESOURCE TECHNOL

YAQ'Y, 2012, CHEMOSPHERE

Author

OOOOOOOOOOOOOOOOO

, sehrish
chenddi-
nunez-delgado, avelino
@ hig ®eaine e
nnnnnnn
bashir, saqib h h
yang, qi
wanggjim je zeng, guangming
@ . LA wang, dongbo “wang, qgilin
li, reonghua
' -
zheng, xiong
ali, esmnat f.
luo, yuan rinklelde; joeng hang, wei chen, yinguang van loesdrecht, mark c. m.
& wang/ihailong haqg) tao
bolan, @manthi s. oehmen, adrian
» wang, li carvalho, gilda guisasola, albert
ak, yong Stk
sun, yuging
yang, f. zhang, liang
hao, ling !
b4
wang, sfheng
o, Xinde
li, yumcong peng' yongZhen
@
o bi li, baikun
. EgHn g
mmgrman;, andrew
0 1000 2000 3000 <& B
Global Citations yaolying
] = -
Authors' Production over Time
PENG YZ - S & Py P S
GAO B - ® ® ® ® - e e -
WANG Y - — ) == — L = =
ZHANG Y - & ‘ - ® p =
CHEN YG - & = o = -
LLJ - ) & & & PN N.Articles
ZHANG L - e . = = :
_ 8
: ® -
ZHANG M - @ = & = o & ® -
LlY - s
OEHMEN A - & = o & ) =) e =) = ‘ TC per Year
OK YS - & @ @ L @ L @ L
- - ® 50
WANG L - e —= =3 & = —
: L 100
ZHANG J - — “ y e y - S
WANG B - =) [ e = [ = ’ - 200
WANG DB - - = & e
ZENG GM - - ® - ® P
BAEZA JA - & -
LI X- =S
o (=4 IN -+ ILD IOO IO o~ -+ o 'oo o o™~
1=73 b=1 =3 o P=3 o ~ ~ — ~ ~ N o~
D (=] (=) o o o o o o o o o o
- o™ o~ o™ o~ o~ o~ o~ o~ o~ o~ o~ o~
Year

3.5 The 30 most expressive journals of publications and the three-fields plot correlating the top 15 journals,
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3.6 Collaboration network strength between the

countries/regions according to co-authorship
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4. Conclusions, future trends and perspectives

(1) The number of papers in the field of phosphorus recovery with biochar has been growing rapidly, which proves that the field has attracted the interest of scholars

worldwide.

(2) Most of these studies are focused on the field of environmental sciences, with journals such as Science of The Total Environment, Bioresource Technology and
Water Science and Technology are the main sources of these studies.
(3) Peoples R China publishes the largest number of articles, has the greatest influence, and maintains the closest ties with the rest of the world.

(4) Chinese Academy of Sciences is the most published organization followed by Tongji University and Ministry of Agriculture and Rural Affairs.

(5) The thematic map analysis shows that removal, adsorption, and phosphate may become the hotspot of research and the direction of future development.

(6) Future research should focus more on improving phosphorus recycling efficiency, exploring the agronomic efficiency and mechanism of action of phosphorus
recycling products, and assessing the economic and ecological benefits of the phosphorus recycling process.
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